
Technical Report EL-93-9
November 1993

US Army Corps AD-A275 414 /
of Engineers 1
Waterways Experiment
Station

Environmental Characterization
for Target Acquisition

Report 2
Analysis of Thermal and Visible Imagery

by Bruce M. Sabol, Salvador River,., Jr.
Environmental Laboratory

FESa 261994

Approved For Public Release; Distribution Is Unlimited

*j,.i 94-0322494 2 0 1 04 8IIlllllllltill

Prepared for U.S. Army Aviation Applied Technology Dire'*-,rate
and Headquarters. U.S. Army Corps of Engineers



The contents of this report are not to be used for advertising,
publication, or promotional purposes. Citation of trade names
does not constitute an official endorsement or approval of the use
of such commercial products.

OW
o PRINTED ON RECYCLED PAPER



DI.SCLAIMER NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

COLOR PAGES WHICH DO NOT

REPRODUCE LEGIBLY ON BLACK

AND WHITE MICROFICHE.



DISCLAIMER NOTICE

THIS REPORT IS INCOMPLETE BUT IS
THE BEST AVAILABLE COPY

FURNISHED TO THE CENTER. THERE

ARE MULTIPLE MISSING PAGES. ALL
ATTEMPTS TO DATE TO OBTAIN THE
MISSING PAGES HAVE BEEN
UNSUCCESSFUL.

•P -~" ~ 71 f'° u



Technical Report EL-93-9
November 1993

Environmental Characterization
for Target Acquisition

Report 2
Analysis of Thermal and Visible Imagery

by Bruce M. Sabol, Salvador Rivera, Jr.
Environmental Laboratory

U.S. Army Corps of Engineers
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS 39180-6199

Report 2 of a series
Approved fo' public release; distribution Is unlimited

Prepared for U.S. Army Aviation Applied Technology Directorate
Aviation Systems Command
Fort Eustis, VA 23604-5577

and U.S. Army Corps of Engineers
Washington, DC 20314-1000



US Army Corps
of Engineers
Waterways Experiment S n a n n a o Data
Station S oU C E

Army.~ ~ ~ ~ ~ ~ ~ ~~ ~U Avato ApleAehRlgMietrte l.Uie StateKs.

VXBWN Man, N1041

Watea Epment Stan•- Ti itl alysis ofrvisblant mloimag-

,abol, Bruce M.
Environmental characterization for target acquisition. Report 2, Analy-

sis of thermal and visible Imagery I by Bruce M. Sabol, Salvador Rivel a,
Jr. ; prepared for U.S. Army Aviation Applied Technology Directorate, Avi-

ation Systems Command and U.S. Army Corps of Engineers.
325 p. : Illm ; 2S cm. - (Technical report ; EL-93-9 rept, 2)
Icludes bibliographical references.1. Target acquisition-m Rermote sensing. 2. Infrared Imaging - M!l1-

tary aspects. 3. Military topography -- Remote sensing. 4. Remote
sensing-- Military aspects. 1. Rivera, Salvador. 11. United States.
Army. Aviation Applied Technology Directorate. 111. United States.
Army. Corps of Engineers. IV. U.S. Army Engineer Waterways Experi-
ment Stat'on. V. Title. VI. Title: Analysis of visible and thermal Imag-
ery. VII. Series: Technical report (U.S. Army Engineer Waterways
Experiment Station) ; EL-93-9 rept. 2.
TA7 W34 no.EL-93-9 rept.2



Contents

Preface . .... ... ... ....... .... ... .. ... ... .... .. ... ... .. . vi

I-Introduction ......................................... 1

B ackground ........................................... I
A pproach ............................................. 2
Scope and Structure.................................... 2

2- M ethodology .......................................... 4

Data Collection Procedures ................................. 4
Im age M etrics .......................................... 8
Analysis Procedures .................................... 14

3- Results ............................................. 21

Comparison of Ground-Truth Conditions and
Im age M etrics ...................................... 21

Relationship Between Ground-Truth Variables
and Image M etrics ................................... 55

4- Discussion and Summary ................................. 61

R eferences ............................................. 68

Appendix A: Metrics Image Processing Software Source Code ........ Al

Appendix B: Terrain Attribute and Scenario Data ....... .......... BI

Appendix C: Meteorological and Radiometric Data ............... CI

Appendix D: Image Metrics Data ............................. DI

Appendix E: Listing of PC-Based Program for Predicting Metric
Class Values .................................. El

SF 298 Aoosiiatou For

DTIC TP,.

JU2~l1 t;r•' .orll • __

-D----4
1•! t tP:Lt -•/I :



List of Figures

Figure 1. Overall methodology ............................. 5

Figure 2. Range-dependent double window for measurement
of target-sized contrast ........................... 14

Figure 3. Typical binary tree structure generated
by C art . ... ... ....... ..... ....... ............ 17

Figure 4. Four classes of dependent variables .................. 19

Figure 5. Terrain class composition by scene and site ............ 23

Figure 6. Number of discrete terrain areas by scene
at each site ................................... 25

Figure 7. Total linear edges and edges between thermally
dissimilar terrain classes by scene
for each site .................................. 26

Figure 8. Temporally varying meteorological and
radiometric conditions by site for cool-
weather excursions .............................. 27

Figure 9. Temporally varying meteorological and
radionetric conditions for warm-weather
excursions .................................... 31

Figure I0. Scatter plots of SD vs MEAN and SD vs CNT_95
for 8-12p band ................................ 39

Figure 11. Scatter plots of SD vs MEAN and SD vs CNT_95
for visible imagery .............................. 41

Figure 12. Temporal and scene-to-scene variation in
thermal MEAN metric ........................... 43

Figure 13. Temporal and scene-to-scene variation in
therm al SD metric .............................. 45

Figure 14. Temporal and scene-to-scene variation in
thermal CNT-95 metric .......................... 47

Figure 15. Temporal and scene-to-scene variation in
visible MEAN metric ............................ 49

Figure 16. Temporal and scene-to-scene variation in
visible SD metric ............................... 51

Figure 17. Temporal and scene-to-scene variation in
visible CNT_95 metric ........................... 53

Figure 18. Meteorological conditions for test day ................ 63

Iv



List of Tables

Table 1. Sampling Locations And Times ...................... 5

Table 2. Imaging Equipment Specifications ................... 6

Table 3. Inventory of Imagery That Passed Quality
Assurance and Calibration Tests ..................... 6

Table 4. Meteorological and Radiometric Instrumentation .......... 8

Table 5. Ground-Truth (Independent) Variables
Associated With Each Image ......... .............. 9

Table 6. Image Metrics List and Description .................. 15

Table 7. Classification Trees Generated for Metrics
SD and CNT_95 for Visible and 8-12p
W aveband Imagery ............................. 20

Table 8. Classification Tree Summary for Thermal SD and
CN T -95 ..................................... 56

Table 9. Summary of Classification Tree Results for SD
and CN Tr 95 .................................. 58

Table 10. Summary of Classification Tree Generated to
Predict Thermal and Visible Metrics Using
Reduced Set of Ground-Truth Data .................. 60

Table 11, Predictions of Local Thermal Variability Using
Decision Tree CCTALL04 ........................ 66

V



Preface

The study reported herein was conducted by the U.S. Army Engineer
Waterways Experiment Station (WES) during fiscal years 1990-1992 as part of
the Environmental Characterization for Target Acquisition (ECTA) Program.
This program was jointly funded by the U.S. Army Aviation Applied Technol-
ogy Directorate (AATD), Fort Eustis, VA, and by the Headquarters,
U.S. Army Corps of Engineers (HQUSACE), under Project AT40, Scene
Dynamics. Mr. Nyle Wilcocks was the AATD Technical Monitor. Mr. Jerry
Lundien was the HQUSACE Technical Monitor.

The study was conducted under the general supervision of Dr. John
Harrison, Director of the Environmental Laboratory (EL), Dr. Victor Barber,
Acting Chief of the Environmental Systems Division (ESD), and Mr. H. Wade
West, Chief of the Environmental Analysis Group (EAG), ESD. Mr. Bruce
Sabol, EAG, was Principal Investigator responsible for the ECTA Program.
Coordination and direct field supervision were provided by Mr. Ken Hall,
EAG. Field support was provided by Humphrey Barlow, Tommy Berry, Scan
Brewer, Charles Hahn, Ken Hall, Terry Justice, David Leese, Salvador Rivera,
Jr., and Joseph Wooley, Computer support was provided by Margaret Sabol
and Eddie Melton, ARC Professional Services. Messrs. Sabol and Rivera
prepared this report.

At the time of publication of this report, Director of WES was Dr. Robert
W. Whalin. Commander was COL Bruce K. Howard, EN.

This report should be cited as follows:

Sabol, B., and Rivera, S., Jr. (1993). "Environmental character-
ization for target acquisition; Report 2, Analysis of thermal and
visible imagery," Technical Report EL-93-9, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

v1



I Introduction

Background

Automatic/Aided Target Recognition (ATR) systems are a developing class
of machine vision devices that scan a field of regard (FOR), process that infor-
mation, then report potential objects of interest (targets) to a human operator or
to another automatic device. It is the intent of the U.S. Army to equip existing
and next-generation attack and reconnaissance helicopters with ATR systems.
Performance goals for ATR systems are that they have very high probability of
locating and reporting valid targets and very low probability of reporting
invalid or false targets for all conditions under which they will operate.
Developing ATR systems use sensor information obtained from passive visible
and thermal infrared imagers, millimeter wave (MMW) radar, and laser range
finders, and non-sensor information such as digital map (i.e. terrain) data and
location information from global positioning systems (GPS).

Early testing of developing ATR systems has identified problems in achiev-
ing required performance goals. Systems have exhibited inconsistent perfor-
mance over their intended operational environment, low probability of
detection, and high false alarm rates. Further, detection probability and false
alarm rates have demonstrated a high degree of sensitivity to terrain and
weather (collectively referred to as environmental) conditions, particularly for
the passive sensors. Clearly, it is imperative to test under a broad range of
environmental conditions during the development cycle. Testers and evalua-
tors in the ATR development community are now burdened with determining
the following:

a. Which continental United States (CONUS) test sites should be used for
testing and when they should be used.

b. How to compare ATR performance results from different CONUS test
sites--which sites represent more difficult conditions.

c. Which CONUS test sites are most analogous to potential theater of
operation sites.

1Chap~r 1 InU'oduc'con



d. How to specify environmental conditions in an ATR system perfor-
mance test.

The Environmental Characterization for Target Acquisition (ECTA) Pro-
gram was initiated in an attempt to address these types of concerns. The pri-
mary goals of the ECTA Program are to develop and apply a methodology to
quantify "scene complexity" of available candidate ATR testing and training
sites and to establish methods for specifying environmental conditions for
thermal and visible electro-optical (EO) imager systems and 35-GHz radar
sensor systems.

Approach

Almost all ATR systems use pattern recognition techniques to detect targets
within an imaged background area. This is true whether the system uses a
passive EO imager or an active EO imager (e.g. laser) or radar sensors. The
ATR logic filters the entire image for targetlike regions which it analyzes in
greater detail to make first-level (detection) target acquisition decisions.
Detection is the only stage in the target acquisition process that examines the
entire image; all subsequent stages (classification, recognition, and identifica-
tion) use only the regions of interest. Therefore, the ultimate success of target
acquisition depends on the system's ability to separate targets from background
features that can have similar signature characteristics.

Based on these considerations, an approach was formulated for processing
imagery and signals in specific wavebands to determine the distribution of
"targetlike" features within the background scene that could result in poor ATR
performance (missed detections and false targets). Scenes having a high dens-
ity of targetlike features are deemed to have high scene complexity and those
with few such features are deemed to have low scene complexity. These
image characterization measurements, or metrics, were determined using ther-
mal and visible image data, and 35-GHz radar data representing a systematic
sampling of commonly used CONUS test sites at different times of the day
and of the year. These sites would be subjected to intensive measurement of
key terrain and meteorological attributes during imaging periods. An analysis
would be conducted to relate these measured attributes (referred to as ground-
truth conditions) to values of the selected metrics for each specific wavelength
and to devise a means of categorizing and predicting metric levels for these
sites. Metrics are used here as indicators of the level of scene complexity,
which is the relative density of targetlike features a background scene contains.

Scope and Structure

Several constraints were placed on the conduct of the program as follows:
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a. Field measurements would be conducted at five sites commonly used
for testing Army aviation ATR systems.

b. Each site would be visited twice--once durin, leaf-on conditions and
once during leaf-off conditions (for deciduous vegetated sites).

c. Data collected during each site visit (excursion) would be limited to a
3-day period that would include a single 24-hr Imaging period.

d. Existing U.S. Army Engineer Waterways Experiment Station (WES)
instrumentation and imaging assets would be used (includes only visible
and thermal imagers; no radar sensor was available),

e. Imagery (35--Hz radar) collected by the Martin-Marietta Corp.'s 68D
radar system during the Multi-Sensor Fusion Demonstrti.in at Fort
Hunter Liggett, CA, would be used, and radar analysis would be con-
ducted as a stand-alone task, unrelated to the visible and thermal
imaging tasks listed in items a and b above.

The ECTA Program is documented in three separate reports. Report I
(Berry, Rivera, and Sabol 1993) describes ground-truth measurements made at
each of the selected sites. That report describes procedures used for collection
of terrain, meteorological, and radiometric data; appendixes contain a data
summary for each site. The study reported herein (second in the series)
describes analysis procedures for evaluating the relationships between the site's
ground-truth measurments and statistical characteristics of resulting imagery;
results of these analyses are presented and discussed. The third report (Curtis
and Sabol 1993) in this series describes the radar scene analyses conducted
using the Martin-Marietta radar data collected at Fort Hunter Liggett, CA.

3
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2 Methodology

The overall methodology used in this project is illustrated in Figure 1.
Field measurements and imagery were systematically collected from selected
test sites (step 1). Detailed procedures for obtaining these data are described
in ECTA Report I (Berry, Rivera, and Sabol 1993). A cursory description of
these procedures is provided here for completeness. Image metrics indicative
of scene complexity were selected and implemented in software (step 2).
Imagery was processed to compute a set of metrics values for each individual
image; these values were put into a database containing the corresponding
weather and terrain attributes associated with each image (step 3). Finally,
statistical analyses were performed to identify environmental and scenario vari-
ables that most affect the scene complexity metrics values and to develop
techniques for predicting scene complexity metrics levels from environmental
and scenario data (step 4). Each of these steps is discussed in the following
sections.

Data Collection Procedures

Data were collected at five CONUS test sites commonly used for Army
aviation systems testing and evaluation. The sites were selected to allow data
to be collected as an analog of temperate, coastal plains, and semiarid envi-
ronmental conditions as indicated in Table 1. Temperate sites were sampled
twice, once during the leaf-on period and once during the leaf-off period.
Other sites were sampled only once since vegetation thereon does not change
appreciably during the ycar.

At each site, a single sensor location was selected to view a wide FOR and
to achieve a viewing geometry approximating a helicopter scenario. This
scenario is characterized by: (a) sensor position 5 to 20 m above the imaged
terrain surface; (b) camera pointing angles ranging from horizontal to several
degrees below horizontal; and (c) the distance of the center of the images
ranging from several hundred meters to several kilometers. The selected FOR
was divided into 11 to 22 contiguous 2.5°x2.50 "scenes" which were imaged by
the suite of imagers over a 24-hr period at a 2-hr interval starting immediately
before dawn on the second day of each excursion.
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1. Systematically collect 2. Select and implement image
imagery and ground-truth metrics
data at selected soes

3. Process Imagery and assemble
database of metrics and
corresponding ground-truth data

4, Perform statistical analyses to:
a. Identify ground-truth variables

that most affect metrics values
b. Develop method to predict

metrics values given ground-
truth data

Figure 1. Overall methodology

Table I

Sampling LocatIons and Times

Terain Type ODta Collection site (a) collection Perods

Temperat Aberdeen Proving Ground, MD (APG) 18-21 Mar 91
16-18 Jul 91

Fort Drum Military Reservation, NY 24-27 Mar 91
(FTD) 10-13 Jul 01

Fort AP. Hill, VA (APH) 15-18 Mar 91

19-21 Jul 91

Coa•tal Plain Eglin Air Forne Baa., FL (EGL) 9-13 Aug 91

Semiarid Yuma Proving Ground, AZ (YPG) 10-15 Sep 90

Image data were obtained in visible, mid-, and far-infrared wavebands.
Imaging systems were all off-the-shelf commercial systems; specifications are
listed in Table 2. Thermal cameras are DC-restored calibrated systems. The
visible camera is uncalibrated but uses fixed manual settings (i.e. no automatic
gain control): therefore, comparisons can be made between images. Table 3 is
an inventory of imagery that passed quality assurance tests and that were suc-
cessfully calibrated as described by Berry, Rivera, and Sabol (1993).

Chapwr 2 Metodok)gy 5



Table 2
-Imaging Equipment Specfllcatlons

Wiveband

Spaliatln Mild.IR Far.IR visible

Model Agema Thermovision Agemna T1hermovision Photomotrics 200
870 system, infrared 782 system, infrared camera, with
camera Camara Thomson COD

___________detector

Wavslength band 2-5.6 8-12gs 0.4-0.7pi
(no filter)
3.5-5.61A
(with SRX fifter) ________

FOV lens 2.51 x 2.54 3.60 x 3.60 3.9- (horizontai)
______________ ______________ x 2.60 (vertical)

Image size 140 x 140 pixels 140 x 140 pixels 384 (h) x 576 (v)
__________________ pIxels

Radometift 8-bit resolution S-bit resolution 14-bit resolution
resolution

Radlometrio 0. 1 C0at 30C0 0.1 ~00at 30OC Not calibrated
sensitivity object temperature obleot temperature

Radematric :L2.0 *C :12.0 C0 Not calibrated
accuracy______ ___

Table 3
Inventory of Imagery That Passed Quality Assuranoo and Calibration

Tomm

Waveanld
UExursion
(Sil'Uonth) Vaisible 11-112g 3-5p 4-4A Sit.i Total Views

YPG/9 77/841 1611168 162/168 165/168 565 14

AP(GY3 148/154 307W306 145/30 1531M0
1,386 22

A PQ7 173/1 P 301r"309 G/ 1036 631308 ____

AP"/ "8/6 153/154 0(114 0/154
636 11

APW?7 77/68 149/154 54/154 49/154

FTDi3 W844 180/182 174/182 181/182
1,189 14

FTD17 112/112 184/196 134/196 140/196

EGL/8 127/140 273/280 0/280 0WHO 400 20

Total 4,076 91

Pairs of numbers represent the number of sucoesauliy calibrated images obtained out of the
total number' of Imaging opportui~nties presented.
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Weather conditions including air temperature, relative humidity, solar radia-
tion, wind speed and direction, and precipitation rates were measured and
recorded using a portable weather station interfaced with a digital recording
unit. Additionally, radiometric temperatures of representative samples of the
predominant terrain surface types were measured with staring radiometers.
Automated measurements were made once per minute and stored as 15-min
averages. Table 4 contains a description of the instrumentation used and the
units of measurement.

Terrain attribute data were measured for each scene through mensuration of
color photographs taken from the designated sensor positions. Color
photographs were taken of each 2.50 x 2.50 scene once during daylight hours
using a 35-mm camera equipped with a zoom lens. Enlarged photographs
were interpreted to delineate the boundary of each terrain/vegetation type
within each scene, Boundary overlays were mensurated to determine: (a) the
percent cover of each terrain type in the image plane and (b) the length of
edge between all different types of terrain cover. The status of the vegetation
(GREEN, active or dormant) was also recorded.

In addition to the terrain variables determined by direct mensuration,
several "generic" terrain variables were introduced to generate a terrain data
subset common to all sites. Such variables include POLYGONS, TYPES,
VEGET, EDGE, and HARDEDGE. POLYGONS consist of the total number
of discrete enclosed terrain areas within a scene without regard to duplication
of types. TYPES is the total number of terrain classes (Table 4, Report I).
VEGET consists of the sum of the percentage of grass cover (GRASS) and the
percentage of tree cover (TREES). EDGE is the total linear length of edges
(in units of angular degrees) between adjoining terrain classes. HARDEDGE
consists only of linear edge between terrain surfaces with significantly different
thermal properties that would be expected to have a strong thermal contrast
during most times of the day. These include edges between water and all
other surfaces, those between sky and all other surfaces, and those containing a
vertical discontinuity such as trees and other terrain classes.

Scenario variables were computed for each individual image, including
camera pointing angles (AZIMUTH and elevation (ELEV)), range to the center
of the image (RANGE), and bidirectional angle (angle between viewing and
solar illumination vectors). Range to the center of each image was computed
using a passive ranging technique applied to digital terrain elevation for each
site. These procedures are detailed in ECTA Report 1. Bidirectional angle
(BDA) was computed based on the camera pointing angle and the solar illumi-
nation angle at the time each image was collected, Each BDA data point was
assigned to one of five classes: class "0" when the sun was not up, and
classes "I" thtough "4" for angles between 0 and 180 deg in 45-deg
increments.

7
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Meteorological and Radlometric Instrumentation

Database
Variable lnalrnamnt Accuracy Units Variable Name'

Air temperature Fenwal electronic ±0.4 "C Degrees C AIR TEMP
UUT5IJ1 thermistor

R"Oeatv Phys-Chem. research S3% Percent REL.HUM
humidity PCRC-1 I

humidity guage _____________

Incoming solar LI-ocr L12008 ±5%/ Watts/ SOL.RAD
radiation (0.6- Pyronomeater square
I .(4t) _______________metor

Moean wind Met One, Inc., model *1.6% Moetars WIND..SPD
spoed 0 14a contact second

anemometerI

Mean wind Met Owe, Inc., model :15 deg Degrees WINDL-DIR
directon 024a potentiometer clockWie

wlndvant from north
_______ ___ (true) _ _ _

Precipitation Texas Electronics, model ±1% at Q Inches PRECIP
TE526 tipping bucket inthr
rmin gage _____

Radomeftr Everest lntersdence, *10.5 C0 Degrees C TH (surface)
tempera~ture Inc., series 4000, 8-121.t

lnfruwod temperature (surfaces
transducers BUSH.
(4-FOV) GRASS, ROAD,

SOIL, TREE,
____________W WATS R)

Variable names used in database are printed in all uppercase letters.

All temporal (meteorological and radiometric variables), scene characteris-
tic, and scenario data associated with each individual image were placed into a
database for use in analyses. Table 5 contains a comprehensive list of these
variables.

Image Metrics

Image metuics refer to the process and results of quantifying the distribution
of specific features within a digital image. Image metrics are usually classified
as to whether they require knowledge of target location (target dependence or
independence) and whether they measure features in the entire image (global)
or only a localized area (local). Numerous image metrics have been proposed
and described (Beard, Clark, and Veltin 1985, ERIM 1985, Peters 1988).
They range from very general global measures, such as image gray level mean
and standard deviation, to very specific local measures, such a-s target-sized
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contrast at specific image locations. Most image-based ATRs use contrast and
edge strength of target-sized image features to identify regions of interest
within the image (Peters 1988; Lahart, Jones, and Sheilds 1988). Research has
shown some statistica2 correlation between image metrics based on these types
of features and detection/false alarm performance of ATRs. Because almost all
ECTA imagery are without targets, only global target-independent metrics, or
"scene metrics," are used. The following paragraphs describe these metrics
and their computation.

Twenty-one different scene metrics were computed in this study. These are
listed and briefly described in Table 6; computational procedures and inter-
pretation are described below. Twelve of these characterize the data-space
distribution of temperature or brightness values; the remaining nine describe
target-sized spatial variations within the Imagery. Several metrics are
dimensionless (ENTROPY, SKEWNESS, KURTOSIS, REYNOLDS); all
others have the units of the original image, which in the case of thermal
images are converted to equivalent temperature units. The field of view (FOV)
of the grodnd-obtained ECTA imagery often contained more foreground
(objects at a closer range than 200 m) and far background (objects at a range
in excess of 10 k1m) than would be expected with helicopter-obtained imagery;
steps were taken to avoid these areas during image metrics processing. All
metrics are computed only within a processing region of the image. This is
defined as the central portion of the image remaining after the far background
and foreground portions have been excluded. Passive ranging (Berry, Rivera,
and Sabol 1993) was used to determine these areas.

Data space distribution metrics provide general information about the statis-
tical spread of digital brightness values but provide no information about how
brightness values ate spatially distributed within the image. They were
selected because of their common use as statistical descriptors. By and large,
they provide no information about the distribution of targetlike features in the
imagery. Processing was initiated by generating histograms of gray level
values within the processing region. Eight measures are computed from the
histogram: the minimum value (MIN), the 5-percentile value (PERC_05), the
median value (MEDIAN), the mode (MODE), the 95-percentile value
(PERC-95), the maximum value (MAX), the difference between the 95- and
5-percentile (RNC_90), and entropy (ENTROPY). ENTROPY is a dimen-
sionless measure which indicates die evenness of the distribution. Values near
zero indicate an uneven distribution in which most of the pixels fall into rela-
tively few different brightness values. High values indicate that pixels are
evenly distributed among the available brightness bins. Since this measure is
sensitive to variable camera sensitivity settings, entropy for thermal images
was computed on 0.1 °C bins instead of raw digital values. The equation used
is as follows:

Chaptr 2 Methodology



I

ENTROPY - - p, in (p.) (1)
i.'

where

I - number of brightness value bins

pi = probability of a pixel occurring in the 01 bin

The four moments of the distribution of gray level values within the pro-
cessing region (mean, variance [standard deviation], skewness, and kurtosis)
are computed (Press et al. 1986). The first and second moments, mean and
standard deviation, have the dimensions of the original data-gray levels or
equivalent blackbody temperature. Skewness and kurtosis are dimensionless
numbers. Each is described below:

MEAN - . j x, (2)

SD - -I ( MEAN) (3)

where

N - number of pixels in piucessing region

x. = brightness value of 0A pixel in processing region

Standard deviation represents the root-mean-square deviation.

Skewness, the third moment, is a dimensionless value which characterizes
the asymmetry of the distribution. Values near zero represent a symmetric
distribution. Positive values indicate an asymmetric distribution distorted to
the right, Negative values indicate an asymmetric distribution distorted to the
left.

11Chaoper 2 Msedxlobogy



N 1'IV x MEAN (4)
SKEWNESS = r E., - M(

SD)

Kurtosis, the fourth moment, is a dimensionless value indicating the relative
peakedness or flatness of the distribution relative to a normal (Gaussian) distri-
bution. Values near zero indicate a normal distribution. Positive values indi-
cate a highly peaked monomodal distribution. Negative values indicate a flat
or possibly multimodal distribution,

KURTOSIS - (x MA ] 3()

ThM remaining metrics characterize target-sized spatial variation in imagery.
These were selected because they quantify the distribution of targetlike features
and therefore may be relevant to ATR sensor performance. Two metrics char-
acterize local variability within the processing region. Hetzler et al. (1987)
described what they called a clutter metric (CLUTTER), computed as the aver-
age standard deviation of adjoining squares twice the size of the longest
dimension on the Intended target. This was implemented using a square image
window equivalent to 20 m on a side computed using the passive range esti-
mation at the center of the processing region. This measure represents the
average local variation.

CLW7ER I N x~..1) (6)
M~l pl

where:

M = number of adjoining square windows in processing region

J = number of pixels in square window

xv = gray level of the iA pixel in the rA window

M. = mean value of the m't window

Reynolds (1990) extended this concept by computing the ratio of global to
local variation.
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REYNOLDS - SD - CLUTTER (7)
SD

REYNOLDS is a dimensionless ratio ranging between zero ar'd one. Values
near zero indicate that total variation (SD) is attributable entirely to variation in
local regions (CLUTTER); conversely, values near unity indicate that local
variation contributes nothing toward total variation.

The remaining metrics characterize the distribution of target-sized local
contrast. The basis for these metrics is computation of local target-sized con-
trast using a double window (Carlson and Radford 1986). For each pixel
within the processing region, a smaUest enclosing rectangle is computed in
image dimensions (pixels) corresponding to a 6-m (horizontal) by 3-rn (verti-
cal) rectangle' in scene dimensions (Figure 2). This computation is based on
the passive range estimation of the current pixel. The rectangle, referred to as
the target window, is surrounded by another twice its size, referred to as the
background window. The background window surrounds the target window but
does not include it. The mean brightness value of pixels within the background
window is subtracted from the mean within the target window:

contrast i 2E X , -. xb (8)
T 1

where

T = number of pixels in target window

x, m gray level of the il pixel in the target window

B = number of pixels in the oackgmund window

4= gray level of the bek pixel in the background window

The resulting local contrast value is stored in a contrast histogram. Positive
values indicate bright (hot) contrast of the target window; negative values
indicate dark (cold) contrast. This double window is convolved with all pixels
in the processing region, resulting in a histogram of target-sized contrasts.
Seven points are sampled on this histogram: the minimum (CNT,_INN), the
5-percentile value (CNT_05), the 25-percentile value (CNT._25), the median
value (CNT.50), the 75-percentile value (CNT_35), the 95-percentile value
(CNT_95), and the maximum value (CNT_MAX).

SThese dimensions correspond to the smallest enclosing rectangle required to contain any
armored vehicle from any forwerd-looking penrpective.

13
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Figure 2. Range-dependent double window for measurement of target-sized
contrast

Metrics described above are listed and explained in Table 6. The image
processing software for computing these metrics was written in Turbo Pascal
5.0 and run on an IBM compatible 386-based personal computer equipped with
a Paradise VGA Graphics card for image display. A listing of these programs
is contained in Appendix A.

Analysis Procedures

Analysis was performed in two phases. In the first phase, graphical
techniques were used to examine the range and variation of the ground-truth
variables and image metrics. In the second, analyses were performed to deter-
mine the importance of each ground-truth variable relative to selected image
metrics and to use these ground-truth measurements as independent variables
to predict metrics values (dependent variables). Several ground-truth variables
thought to be important represent a nominal data type' (classes of bidirectional
angle [BDA] and classes of plant growth status [GREEN]); these data types
cannot be directly used in multilinear regressions or other standard parametric
statistical techniques. Consequently, an alternative non-parametric analysis
procedure, "decision tree classifier methodology," was selected. A decision
tree classifier is a tree data structureý which is traversed to arrive at a predic-
tion of the dependent variable. The path selected at each node in the tree is
determined by decisions on the value or class of independent variables. There

Obaervations may he separated accoTding to categories.
2 Conventonal data siructure terminology, such as that found in Aho, Hopcroft, and Ullman
(1983), is ued in describing tree smctures in this report.
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FTable 6
Image Metrics List and Description________

Metric (Database Names) Description Source

Minimum (MIN) 5 peroentile Histogram-based measures of distribution of gray
(PERC_05) medan (MEDIAN) levels in image, units of *C In thermal Imagery, units of
mods (MODE) 95 percentile digital brightness In visible Imagery
(PERO..%) maximum (MAX)________

Oft range (RNG..90) Difference between 95- and 5-percentile values, range
encompassing 90 percent of Image, units of 10 in
thermal Imagery, units of digital brightness in visibie
Imagery ______

Entropy (ENTROPY) Dimensionless measure of uniformi" of distribution of Carlson and Radford
pixel brightness (1988)
Interpretation: high value (,,.3) Indicates relative
uniformity

Mean brightness (MEAN) Average brightness In processing region,' units of *C Press ot ai. (1986)
In thermal imagery, units of digital brightness In visible
Imagery____ ___

Standard deaviation (SD) Standard deviation of all pixels In processing region, Press et al. (1986)
units of IC In thermal Imagery, units of digital bright-
nest In visible Imagery__________

Skewness (SKEWNESS) Dimensionless measure of asymmetry of distribution of Press at al (1996)
pixel brightness In processing region.
Interpretation: negative values Indicts asymmetric taii
In negative direction; near zero indicates symmetry;
positive values indicate asyrnmetric tail In positive
direction____ ____

Kurtools (KURTOSIS) Dimensionless measure of peakedness of distribution Press at aL (1986)
relative to normal distribution.
Interpretation: negative values Indicate goat or
multimodal distributions, values near zero indicate a
normal distribution, positive values Indicate a highly
peaked monomodal distribution.

Georgia Tech clutter metric Average standard deviation of boxes in image twice Hetzler at al. (1987)
(CLUTTER) the longest dimension of target

Inlierpretati~on high values Indicate local variation of
_____________________ pixel brightness In Image _________

Reynolds metric (REYNOLDS) Dimensionless ratio (0-i) equal to) Reynolds (1990)
[(SD - CLUTTER)/SDJ
Interpretation: represents the portion of thermal varia-
tion attributed to variations within local regions_______

Target-sized contrast A range-dependent double-window metric which histo- Sabot and Hall (1990)
(CNTý_nn) grams local target-sized contrast for all of Image In
nn.MIN processaing region, n percentile represents the conteast
05 brightness at the n percentile point on the histogram,
25 gx. 95 percentile contrast represents contrast which Is
50 exceeded by only 5% of Image,
75 Interpretation. high values Indicate background con-
95 taint tsrget-sized features.
MAXILI

Only pixels between 0.2- and 10.0-km range are processed.1
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are numerous types of decision tree classifiers; these are grouped based on
type of tree structure, ways the tree is traversed, and methods by which the
tree is "grown." Detailed reviews of decision tree classifiers may be found in
several technical papers (Safavain and Landgreke 1991; Dattatreya and Kancl
1985). For the present study, a hierarchical top-down binary decision tree
methodology contained in the commercial software package CART (Classifi-
cation and Regression Tree) (Breiman et al. 1984), was selected. Using a deci-
sion tree analysis procedure made it possible to predict classes of a dependent
variable (image metric values in this case) using independent variables (envi-
ronmental measurements in this case) of unrestricted data types (nominal, ordi-
nal', or interval 2) without restrictive assumptions about tie distribution of
these variables. It further provides insight into how important each candidate
independent variable is to the prediction.

CART constructs a tree by recursively searching over all independent vari-
ables to produce a sequence of optimal binary splits within the data set. A
large tree is grown in this manner, subsequently, a pruning algorithm is
applied which removes all branches within the tree which reduce overall accu-
racy. The resulting tree maximizes predictive accuracy relative to its size.
Figure 3 illustrates a hypothetical CART tree which predicts the class of a
dependent variable.

nTe tree is entered at the top (root) node. Here a yes/no question is
answered about the value of independent variable x(3). If x(3) is less than 5.0,
the left descending branch is taken; if it Is not, the right descending branch is
taken. At each intermediate (nonterminal) node another yes/no question is
answered regarding the value of other independent variables (x(n)), dictating
the path to be followed. Arrival at a terminal node ends the traversal process
with a prediction of the dependent variable's class. The tree is grown and
tested in a two-step process, beginning with the random division of the data set
into two portions. One portion is used to grow the tree. "rhe accuracy of this
tree is then determined by processing the second portion through the tree and
comparing predictions of the dependent variable against corresponding actual
values. In this study the dependent variables are binned into ordinal classes so
predictive accuracies are computed from the resulting confusion matrices.

Confusion matrices, also known as error matrices, tally the predicted class
of each individual observation against its corresponding actual class in a tabu-
lar form. The number at each location in the table (row i, column j) represents
the number of observations which were classified as class I but were actually
class j. Table entries along the main diagonal (i=j) represent correctly classi-
fied observations; those off the main diagonal represent specific misclassifica-
Lions. "Classification accuracy" is computed as the sum of the main diagonal of
the confusion matrix divided by the grand total of the entire matrix. Since the
dependent variables are of ordinal data type, all misclassifications are not

' Observations may be arranged from smallest to largest.
2 The numerical value of the observation has physical meoing.
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Figure 3. Typical binary tree structure generated by CART

weighted equally. Misclassification into a neighboring class (e.g. classifying a
true class #1 as a class #2) is a less severe error than classifying into a no I-
neighboring class (classifying the same true class #1 as a class #3). A second
accuracy measure, "severe misclassification," represents the percentage of the
observations misclassified into a non-neighboring class.

CART internally evaluates the relative importance of each independent
variable by quantifying how well data splits on each independent variable
separate the dependent variable into distinct groups at each node within the
tree. This measure is summed over all nodes for each variable and normalized
by dividing by the highest value produced among all variables. The result is a
range of importance values between 0 and 100, with the most important vari-
able always having a value of 100. This procedure, described in greater detail
in Breiman et al. (1984), is used to judge how important each independent
variable is toward the prediction of the dependent variable.

Several of the metrics computed quantify image attributes similar to those
used by ATR systems in th. !'-cation of regions of interest. These include
standard deviation (SD), CLUI TER, REYNOLDS, and the local contrast
metrics (CNT..n). Of these, SD and CNT_95 have demonstrated a statis-
tically significant correlation with probability of detection for several actual

17
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ATR systems1 . Similar data do not currently exist to support the importance
of CLUTTER and REYNOLDS. Relatively high values of these selected
metrics tended to coincide with relatively low values of probability of detec-
tion. For the purposes of this study, ordinal classes of SD and CNT_95 in the
visible and the 8-12p wavebands 2 serve as the dependent variables for which
predictors will be developed. Ordinal classes were derived by histogranuming
these metrics and binning each into low (0-33 percentile), medium (34-
66 percentile), high (67-89 percentile), and very high (90-100 percentile)
classes (Figure 4). These ranges are considered representative of values for
these sites, and binned classes are used as indicators of scene complexity.
CART trees were generated to predict these metrics classes. The question of
importance of the various ground-truth variables is directly evaluated by
CART.

Decision tree classifiers were generated for classes of metrics SD and
CNT-95 in visible and 8-12p wavebands using three separate sets of indepen-
dent variables as illustrated in Table 7. The first set (level 01) used the full set
of scene, meteorological, and scenario variables. The second set (level 02)
used a reduced set of generic scene data, full meteorological data, and scenario
data. The third set (level 03) used only meteorological and scenario data.
Meteorological data sets used were the same for thermal and visible bands
with the exception that only instantaneous solar measurements (as opposed to
time series measurements) were used for visible analyses. The relative impor-
tance of independent variables arid the overall accuracy of resulting classifica-
tions were compared to determine the imporutace of the various data types.

This information is contained in the final briefing of the MultiSensor Fusion Demonstration.

presented at Fort Eustis, VA, August 1989; available through yTIC.
2 Dats losses in the 3-5p waveband imagery (Table 3) preclude extensive analysis in this bind.
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Table 7
Clasaificatlon Trees Generated for Metrics SD and CNT.95 for Visible and 8-124
Waveband Imagery

Independent Variable Data Sets

Dependent Variable 01) Meteorologioal 02) MeteorologicaIl 03) Meteorologloial No
Groupings (Weveband) Booml Scenaro Generic Boonle Scenriro Scene Date Scenario

Thermal STALLOI, OTALL01 STALL02, CTALL02 STALL03, CTALL03

Visible SVALLOI, OVALL01 SVALLO2, CVALI.02 SVALL03, CVALL03

TREE FILE LEGEND: mwsssw - 7 character code
where
m: metric selected (S - SD. C . CNT.95
w: wavelength (T - thermal, V - visible)
ass: site (ALL. all sites)
vv: Independent variable data set
(01 - meteorological, soenario, and terrain data
02- all meteorological and soenario data with generic torrain data
03- meteorological and scenario data only)
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3 Results

Comparison of Ground-Truth Conditions and

Image Metrics

Scene and scenario data

A complete listing of data from the scene content analysis, mentioned in
Chapter 2 and described in detail in Report 1, is contained in Appendix B.
Major season independent attributes of the scenes are illustrated in Figures 5 -
7. Terrain classes comprising each scene at each site are shown in Figure 5.
Number of discrete terrain areas (POLYGONS) for each scene at each site Is
illustrated in Figure 6. EDGE and HARDEDGE for each scene at each site are
shown in Figure 7.

Eglin AFB, Fort Drum, and Fort A.P. Hill sites contained similar types of
vegetation cover. All were predominantly vegetated with grassy fields in the
foreground and trees in the background. These three sites also had a relatively
small portion of IIARDEDGE. The Aberdeen Proving Ground site was the
only one to contain surface water, resulting in a relatively large portion of
HARDEDGE. Further, the Aberdeen site had the largest number of discrete
terrain areas (POLYGONS) among all sites. The Yuma Proving Ground site
differed most from the other four, it contained the largest portion of bare
ground and nonvegetated terrain and was the only site with large surface
geometry variations (i.e., mountains).

Meteorological and rndlometrlc data

A complete listing of meteorological and radiometric data is contained in
Appendix C. Temporal plots of meteorological and radiometric conditions
during the cool-weather excirsions are illustrated in Figure 8; those for warm
weather excursions are illustrated in Figure 9. During the cool weather
excursions (Figure, 8), cloudy conditions existed at the Fort Drum and Fort
A.P. Hill sites; clear sky conditions were present only at the Aberdeen site.
Accordingly, air temperature was warmer and exhibited greater variations,
relative humidity was lower, and thermal contrasts between different terrain
surfaces were higher at the Aberdeen site. During the warm-weather

21
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times and conditions. Table 11 lists the classed outputs from this algorithm
for these conditions. Predicted class levels for the thermal local variability
metric indicate low levels from midnight (0000) until 10 AM (1000). Begin-
ning at the noon (1200) measurement, the levels jump to high then fluctuate
between medium and high until 10 PM (2200). With these predictions as a
guide, critical test times can be selected to achieve the best balance of scene
complexity conditions available at this site and time. The predictor could also
be used in a site selection mode by entering characteristics of potential scenes
and expected seasonal meteorological conditions to determine which candidate
scenes give the best range of complexity conditions for the intended system
mission and operational environment.

As with any empirically based research effort, the limits to which the
results may be safely generalized are based on the adequacy of the sample and
the underlying assumptions. Practical considerations dictated that the sample
from which analyses were performed be of a limited size and be obtained by
systematic sampling as opposed to random sampling. All imagery data were
obtained from a single sensor location at each of five separate test locations.
These were some of the most commonly used ATR development and testing
sites; however, they represent only a limited sample of terrain conditions.
These innluded three temperate locations with deciduous vegetation, each
visited once during leaf-on and leaf-off periods, and one coastal.plain and one
semi-arid location, each visited during the summer. Temporally varying
meteorological measurements also represent a limited range of conditions. The
systematic diurnal sampling was intended to capture all conditions occurring
within the 24-hr period sampled, but the 24-hr period is essentially just a sin-
gle random sample of all daily weather conditions occurring at a site during
the season sampled. Completely sunny conditions were encountered during the
Yuma visit and during both Aberdeen visits. Likewise, completely cloudy
conditions were encountered at Fort Drum. No snow conditions were
encountered at any site. Clearly, there are myriads of Important meteorological
conditions and terrain factors not considered in this study because of the
limited database. It is doubtful whether the present database could be consid-
ered an adequate sample of all conditions and terrain factors likely to be
encountered at CONUS test sites.

The second consideration in generalizing the results is the degree to which
the selected metrics really reflect difficulty posed to an ATR. Previous tests'
showed a high negative correlation between probability of detection (averaged
over all targets in a scene) and CNT-95 and SD for some or all ATR systems.
CNT_95 showed the strongest correlation (p<<0.01) with average probability
of detection for all ATR systems in that test". However, even

I Information contained in final briefing of the MultiSensor Fusion Demonstration, presented at
Fort Eustis. VA. August 1989; available through DI'IC.
2 This strong negative correlation indicates that high values of CNL95 te.d to coincide with

low values of probability of detection averaged over all targets in the scene.
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Table 11
Predictions of Local Thermal Variability Using Decision Tree
CCTALL04

Predicted Level of Local Thermal

Time of Day (hour) Variability

0200 Low

0400 Low

0600 Low

0800 Low

1000 Low

1200 High

1400 Medium

1600 Medium

1600 High

2000 Medium

2200 Medium

2400 Low

this measure explained only 5 to 17 percent of the overall variation in average
probability of detection. Factors such as target type, target orientation, opera-
tional condition, and specific location of a target within the scene must be con-
sidered. The predicted class of the metrics should be taken only as a
"broadbrush" indicator of conditions. When indicator metrics values are rela-
tively low, Indicating a bland scene, probability of detection will on the aver-
age tend to be higher than when indicator metrics are relatively high.

Given these considerations, what uses and limitations are recommended for
the resulting capability? As with any empirical predictive technique, predic-
tions are generally satisfactory if inputs are within the range of values used to
develop the predictor. That is, the predictor should be used to interpolate not
extrapolate. Metric class predictions for additional scenes from the five imag-
ing locations under similar weather conditions would expectably be as accurate
as those of the test data sets (Table 9). Predictions for conditions outside of
the range of those in the database may have lesser accuracy.

Taking an empirical approach toward solving this complex problem was
motivated by the belief that a first-principles approach would have involved
attacking overwhelming levels of complexity (Sabol and Hall 1990) with the
limited resources of this study, The robustness of the resulting empirical pre-
dictive technique is unknown but is suspect based on the limited database size
consideration described above. The standard solution to this problem is to
increase sample size. However. we feel that this approach would yield only
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limited return. Field data collection is costly and labor-intensive, and the prob-
lem may be too complex to adequately solve with a strictly empirical method.
Efforts are currently underway within the Department of Defense to better
understand this problem from a first-principles approach. The tri-service Smart
Weapons Operability Enhancement Program (SWOE) managed through the
U.S. Army Engineer Cold Regions Research and Engineering Laboratory,
Hanover, Ni-, and supported by WES and other agencies, is developing first-
principle computerized scene generators for passive thermal and active milli-
meter wave (MMW) sensor systems. Validated thermal and MMW scene
models are scheduled for release by fiscal year 1995. Coupling such a model
with a sensor transformation model would produce a synthetic image which
could then be processed through an ATR logic set to simulate system ,xcrfor-
mance directly. Sensitivity studies using such a capability would enacie the
analyst to evaluate the effects of selected scene formation factors directly.
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CetatetOCju*,protmnth,prtcdey, jw);

Gaelfem(precltour.ptcolin, Jw*, ju~*):

it copy(nonw,1Z) a Ila, then

asigmn(elef~jte, IEQA1FL.71XI)

if eqpy~mwA,1.Z) It 'tO' then

asslen(esti-fItoe ,r-Aztt.TXT')
else
if eopyifingo,1.2) - 'AM' then
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*lt. THEP.MAL 30OF4
If Ceepd(nam.,4,2: 'AA' then

assigntuaxotJ110 IA@AZKL.IKT')
alse

if ( copy(Mmoo1.2) - P'TO &W' ( aay(nmt,It,i) * 11, then
eAsimn(seeijile, 'P...AUL1.1rXT*

It ( co"VCFm,l,2) t*O and' u 4 cwv~nine,1I,I) a 12' then
81111"A(aejito, PDOAZNK2.1XY')

It copy(nome,12) *'It'I then
eaapt~a. f~e.'NLAZILTX')j

r004t(oletj I L)

roWdlr(osoeIjfII, view, calidel 1mai, ate.. Cldug, Clin, otoan)
until 4 view - vl*4ieg )I

azimuth I- alideg # c(lama.. 1 60) 4 cmain) / A0);
otevatien I- old"g # Iftelage / 60) # *leisi) / O)j

S1A0.*AMU(detkaoc, nm);

() If I CcWy(tr,1,2) - -YOP) or typ~11*)*'g') ) then
PlU.SOgbaP~ctimthelevation, keetaaif, u~tIon. nam)

FINS0Aeg~lmw~mjvJ, '~wipod, na):

if Manibaml-tosboujmdM51 then
begin

uriItLII~'bound restric-timn' )j
HALYI

owl

NARK(p):
RRAIMJI (iAOC~s, nm, V.Vhlet, amli, am, smGF, pre"9, perccS

*MGMlen momn, entropy, Iwlmselad, uhecrd
*firstcaot". detLeCC):

emetiv to 4 lo (gv~h iC Otgv-h I at 0*tý s Z ll pt h~t2gv~h I stgi 21) *1001
largegbisi 1- g~~tf3.IheISIulhaI~~,y~tf~ 100;

IF (mIlglleeJv 0,50 ) TWINl
begin

toWMin to 4LV.TO.T1IP~mn, nms, first ealeq):
tupx I- QLVYO..Tln(fme, roa, 1IP~tealeq))
teVeade se OLVVkIiNmd. ra. first-Coaqlea

teep00" I- alm-TO TENIP(porcOS. now, fistatce"eq)
teaq-o I- GL.VjO..TU~P~fers, Maen. fIrstCtcalq~i
tmfte.d j OLV. IOTIOW(efdim, et. nm.flrstCaleql:

11m_11101tatCmge, atcddev, loin, poe",W Near, skhweuss
kuwt~esi, leebcund, uphcimd)j

tvsped I- DILIA 161traoutCstiddev), nowe, firet coisq);

CCP-IUTLOC lnie, roe,. esaurv, lobboung, clutter, reynold, stddetv);
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It clutter 4 9M9q.9) then~ THERKAL 4 OF 4

clutter I- DILYATENP( rman(c I itter), noine, 11ret~c~kvq;

iltufhlato);

COTSAITSchisto. leqibttaw, wb*UW, is~it, Uwftwo. tant lg, mom);

mnxcorit IN PIRCIIIT11E1(Meta, 0.999)i

theent_05 IN SELTA.TINP(PIICIMTILI~histo,OOS), rnow, frstoal~eqi;
thcot.i25 3- DILIA TINP(PI9CENTILI(hi~to,0.2%), names, flrst csieqI;

thcont.S0 to tweetFPECUtL~ltaCSO, , flrot-aloq)I;
theontJS I- DHLTATEND(PI9CSNTlLt~hleto.O.7"i). twos firtestcelr)i
theentto re*LA9lIC~l~~e.O9) w, firot_98l0q);

feilag to 01

sl-

toop.pln 1- 99.91
to"ea mex IN9.91
It~.ne 99.91
low.0 me".9;
24M.92 to 99.9;
tooprsd m. 90.9;

too sea. 99.91

clutter - 9",9;

rtymw- IN 99.91
thcont..5 1. 99.91
thcoit-so 1- 99.91

theomt.7 9.9
thoont9ý e999
flag I.I

ORLIAU(pi;

wrtotlftleutfll., nil;1t precdeyAd, , peronettaml,
pvouec tac4,procm~ns4, ', eissthiMO:.

writitln(mjtfile, Lpoid 1 1, tnsdcu~aS, 1', twvmion0tO:)

1 1 tow-Mindias3 11, tftvaMI10i11,I

*tao.inde1Oa03. , inorn-91jI612~,

wriltirk(cutflle, teqosp_050 , I tow.95zI0m , twv.mda0Qi3
1 ,toed_0000, 1 , ematrepyil0ml,

skewlatiMe3a~) , kurtoolotM~lO~

writeinimjtille, clutter;10MS,, reymald000m, 1, thcoteat50MS
I -, thcomt_25m0i3, 1'. theent_500a0a,II

*theont?_1013, *,thcoantMlM3. , ftlail~i

41c flie);
roodinhl~fill, top~nre)

uioes(losf lie);
mclin(sit., tile, Ilijiesfmen, *%P2, rntr~fltlel)

9ete(sitsee f lie)
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Unit AGAUUILS:
kOAUTILS 1 01, 10

interface

uses

INAMPW a IA0:

l"apitr * imeerowl
lugersw *regard

date a arrayll, .mene12 of byte;

Ilesa,oeay w orrayti-.ftafim2 of Infloptr;
I e a~ staring111111

vldftptr * ^'vIoleauuait
videstrow - Pmrod

disp I arriyli..mase * 31 of byte)

vidjeo~rry - arritylt.. Kovie - 33 @1 VYeapIrl
eentptr w* controw;

iomntro . etecrd
date a arroyll I-raumok of Intaffrl

comt~srray a rrayg . .wrenael of contptri
GLVjhlsti array[O..l56) of Integer;

asinalpt,-lso-

"Ieateqa - ?"Ord
eke I integer)

ea-nw isrinIVg 9
u1it1typei s trnlmII)1
sispe ireil:
intercept i reil;
next-oci Ie eelequtr

preoe*Oaro readjoagetvar wImge i I&Agt rayl
mg ite-inam

var bitle IL 1.blate:
war min iInteuer;
vat OhA i integer;

vat Oaik I a ev
var perc9i iIntegerl
vat pereos i Integerl
vat metdian I intain
var Mw, f refill
ven entropy t rial;

I. a wci Intillorl
WqbeoiI i ntooorl
fIrIt c .at iee celecqptt1
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deakos I trlngIZ); AGAUTILS 2 0OF 10

var std~dev rePait
pin I Integer;
*AA I IntegaI;

var skewwas feal:
VIP bujrtcpat. I realt

I ArbaJ.g I Inteverl
xpbajid IIntuierit

preeedvwre ftUADCALIQI( var caleqi I cateqjr::

function GLV-tktu(Valu# byte:
tmgenme IWA90-nutsaa;
firel-cle at eqI,.."pt) I flail

f~w~ionua DELTA.UKKP(GLV I Inagarl

flrst.caksc I alaq~ptri I flail

procLeir. flMJAC1NG1.10C( ua i losipv ame:
var day i Wegarl
VIPart mtir I ntoverl
var year iI lrtesorl
Vail houar I Inteaerl
VIPar mulete integaur
VIP at I reall
var .1 i rea~l)

prounrtej RUAO.IAhIIINIkFO( rww lmgvcnwm
VIP day iInteger;
VIr merith I Integer;
var year t Int&#er;
VIr houir i Intelerl
var mimrejt, Intelerl

var Cl I real:1
........................ .................... )

i~p(Mmevutalet.

ver

love, : idouube;ý
a Idoublei

b dt cbte;
d"Letle

ac96"r : trirelil;
.......................... d-...........................1 ...........

Itroa.jure readIaag#(var wIg. ! eg waqrray;
MANO lmalf-nl"

var hist I LV h.Ite;
var min i ntelert
var wax I nteaerl
var Oxis t In~teger;
var perc" i Integer;
var parcOl Int ger:
var median iIntelerl

var mean ireal,
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yea, entropy irest; AATL F1

Iwibourw I Integer;

firstca~sqet I estetiptt;

detaton i trinvll)l

proceduer IIIADNA(datatDO istrin@12:

litanies1 Im e )

type
silkheasderercard

lMepgvdrejon Ints~erl
Praarsis~teIsoE9 arell of charl

isaes.id Iarrayli..1131 of char;
deal Ibyte:

leegg.drive i rrayti-1,2 of Shari
#MI array(¶..361 of byete;
C I orravC1..4Ot) of thae:

Prepraess I Integert
mitNageto? a dalw~e;
uIlfftMt I Intaper:
Manipulated I lntegrl (boewtan, but need to read 2 bytes)
Snapshotfl Integerl Ose. 111,111PUltt.)
Difference i Integer: Ce.. Manupuilatt)

Date i afrreytl..31 of lInteger)
Tim t rrayli..A of Integer;
Tttle a rrayti¶, .I6 of Shari

scanner arrayli. .132 of char:
dwalS byte;
Laen erreyll, .112 of char;

doA byt e:
i doubtel

g dothke:

f~l I dui

beta i a bo
dievel doubts;

Imitilvity I Owhi.;
Arae&-Mles I dsoAtt
Obj~eot.Altance I 6xibler
comrptojadtn~s a doublie
gateinte.dtrasiM doub It I
AISt@N~p I doub 10

AOlfl tt I " e

DIffq i doubt@:

died eprrayti.,6 of byte;
LOWI i dowais:
Kane. i doubts:
Ltfderfiew Integer: toot manipulate)
overfliow Integer: (set menputtte)

duNA srashIl..M2 of byte;

war
Wnile fi* of seeIGsoeder:
# header Iaga~ha..der;

begin
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saslon(I lII#, dataloc fiL5'rmwee AGAUTILS 4 OF 10
re Ill itiale;

a 6 ajrser.rJ
b as ajiadir.b;

scatter Is copylahgadvr.tCat'Vr,l,4;
Mtoote Infl)

eOd; (headeor)

functiont GLYPEA11ICEKTILE(var hlallGLV~hIltO~prcelt~ralL)IiflIvar;

ear

sotpdbt a Integer:
I i Integer;

aIne lq~t

slopeot a. rourd~peretmt-IflthIllll562)1,

acd a: 0;
I use

whtilee(aotsaalp~at) do

bovn

scm 1m assctus+ hietill;

I I *
WW;:

OLV_.PEACENTZLE l- I;

eow;

var
Infliv a file of byte:

il I integer:
seems I longiglt;
histoeI a rravt. Silt of Integer;

prob Ireel;

start.
currenit: Integer;

freqeu~x a Integer;

hIAbEP(dataloc. WM)t:
aeslgn(InfILe. dataloc * ats)
recast nfle):

for k:-i to 8P6 do
reed( InI liejwnkt;

for It to I to I¶ASPok do
now( Iausee(hN:

Itsi; (toed Iluge)
repeat (even, rmaw (let interlAWe)

for Ias I to euneio do reod( Inf ItleIvel II~datO(l))

unitl 0I , (mndrow * i11;

repeat (odd rose (2nd Ititeracat))

for J:- I to ntmno( do read(In~lle, Iaageill'.data[)] I;
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unti (I ruww);AGAUTITLS 5 0F 10GloseCi nf i ab:

min 1- 215; (cWmpto Image State an range bouwhidd Image)
mom I - 0:
accua a ii
for I to 0 to 216 do

for it-upbourid to tabi ...id do
for Jtlfjii)to (teoal-right~JLuk*I) do

if (image jlP.dstaIJl max) thaen
Meo . imlinaei.detseU);

If flamp.l( deASAJ 4 min) thaen

&CUI- accu IagaIms"datadl); j

hItoat, "901W.41sata(12S histo C imfelCIP -data fl2* 1.
111atotmi6 to histoC2M] 1,

man a. ecceumtistimMS61;
pae%~ ii, Oi.V11CMII~LF Chi sto,0.03 1;
meinian ai Ogý.ly tgCEWlLE~hiaoO,0.50);
poe" o9 a WVj2RC1VTIL1(hIst%0.G~rI;

atarttleiU;OIVj.Ti~~~, iaelq (entropy computation)
for itz4 to 512 do hlgtaZIU i.00
fraqsmo it 0;
for I I.. min to 7" do (comute mods aoW create thermal hisltogram with 0.2 dog C bin msis)

begin

fwrq..mx l. hisltocili
sock, I. i

currant to srtaidtOLVtO.1(IWII,ný,flrstCabaq));
hlgto2icurrent-sort)2 tsotol hiateZ~currontsotset),

enttropy :.0.0;
for Iit 0 to S52 do
begin

pro to histo~tl/ItistoC256);
If (probiOS than

entropy to entropy + tprdoblntprei)5;
and;
anittopy, it entroty;

and: Creed _binary ima)
............................... a.................................)

procedure tetfllE tlo :111Ie ivmsemrrsy:
war s dold ia rest,

mln Ir~toger:
a" intevol;
maen rest;

VIP skgevess Past;
war kurtoloss real;

Jobudiinteger;

taiboutd :Integer);
var

it . I iri egar;

actual rest;
SCCLM2 Pest;
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equate : reel;, ACAUTILS £ OF 10
"trem : reel;
rptoel t reel;

actual 1- 0:

rtempxte tm 0;
for I I-~aai to lowbotaid do

for I ta I to snuaca do
If (UJ lefttju*k) and (1 4 ruocol rleht~Jta*;; then
beetin

nempteel ssapnipotoe * 1
taptow1 wlmee(l.dataljl mean;

aquare is aqr(taw);
actual I- soceiall * square;
accma2 as eocta2 * (square *tmipl;

accesS a- accauml * (squere *square);

actual t. accuafil i (rempleel - 1);
atd~dav as sqrttacctutl)
accum2 as accus? / (actual * std~dev);
sketumees as soccal / mumptxeLt
actual a- accial / Iscirlaccuail));
kurtosis t- (actual / otuqaixel) -3;

end;
.....asm ............a....m..m.s.....a...a.......aas.a..a.a...ia ta.Ss.f..

procedure trADCALIOI( var caleql a calecijtrl;
var

nfIe a text,
curt categ calet~ptr;
blankS a ortoet3j:

blenkIS a trtnatlll:

abs string(S);

untqnme a tringtO);

slope a tringtbl;
Intercept a trinel?);

code ainteger:

beg in
new(caleq1t;
curr~caleqt a. caleql;
aselgn~tnf~tt, 'calvqa.tot'l;
reactt tnt 11.;
readlnftnfile, bland~, ohs, blend], imu-nese, blank35

,uilt type, blenkil, alope. hbatt), intercept);

.hlt( leobs 4 ';do

begtin

vattobe, carr. celeq^obs, code);
curr~calteq^. tg rae t tts ninera;
curr~csteq .utmlttype til uittype;*
vatlolope, curr~celieq^.olope, code);
vml(intercept, curr~caelqtlntercept, code);
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reedln(Inf~ll, ble,*3, ob, bleokl, issjks, blwAn35

lnt..type, btank52, elope, blank3, Intercet; APAIITZIL 7 or 10

if ( *be q 1 then
begin

r(cturr~cl IW. orwx moalq)aet ae

curr...oleq^.neet..csteq I- NIL,

ctoseeinf i I);

........ ....a&t . . ........................me .. .....a .....Sf~faa

1MItetotlo OLStoli Tsp(vstuv byte)
Imoegerw I lostoerom:
firstjeleoq i oaleqplr) t rest;

var

Ie"ther" I reel;
ewr~oaleq I caeiscisri
@cqtafta I beelean;
obs IIntegerl

slope I rsal;
Intercept I reol;
teow I reel:
strinN9e t s trinelt);
minll. ! text:

I _..tIwoin root;
egiltup reet,
"eelfily peel;

" t _rne i reel;
eet~l Stp t red;.

beeIn

If Isotherm - 1.0 then, Isotherm 1.0;
currcaclop: flrot caleq;
repeat

atrInell t. coplngnnlI* py( Impgmne., 11),
eq~feea' a- I curr_@eaq-.IqqIns . ottrinetir
abe I- eurr~calfq'.ee;
a,( totyp. to cutr~celeq.unI Itvpe;
elope to currejeoq~sicipe;
Intercept :. curr caleqý. Intercept;
curr~caleq :a. curr csleqý neat asleq

until( tcurr~cele a NIL) or eq~lauWsiI

If notteq~fourid) then
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witen AGAUTILS 8 OF 10

wriletmou~tJput, 'No calibration equation available, check luags Ftn.');

halt

aid

it unit-type - 11101 thin
GLV~tojTINP s- leathern. * slop@ 0 InterC@Pt

begin

1omp i b j O(Loll laIotherms) + W;) (Ott K)
Tmq s- Tomp 23.151; (Dog C)

lop i. Vem slope Intercept; (Dog Q)
OLV-tosmps' T.ow 2?3.iS (Deg K)

end:

end

as~sin(lnflis, 'eglcal.?912);
Sol--m I- 1
resell lflIe*):
witale( Imgaaoma to *gljn ) do
readilsimf lie, t.glnin, gI..tlm, sq~empt, "Ilglv

cloessllf 11,11

If tsel~rrna 2.01 thema
*gokop.W a. .OA9t3

Cios If Isgi-mg - 5.0) thean

*gl-slspe 1- 0.0207
also if leujtohn - 10.0) theno

W-slope 1- 0.0403
vise If lsalt.rnq - 20.0) thin

"eL-stope 1- 0.0871;

end
end:

.................................. .................

funct iona OLTAhIMP(OLV I vIneger;

Imnami Ies aa

first caloci caleq~ptrl: real;

beg in

If IOLV4OI
then DELTAlEMPi. *toLVýT T TlgtP(abo0LVl,Imenww,flrst caleql CLV_?OýTEMPtO,Ieqnwaaa,flrst-coleq))

slte DELTA TEMPI. OLVTOýTE4P(OLV,isgta&Ief~rts.caolq) - LVIO0TENPCCIOmlUniý,1rst~ca15q1

end; (detta-tom)
.....................................C ................ nf .....

procedure ElAkDIPAUIINf0 ra I lnft~jww;
war day j Invesor;,
oar month a Integer;
oar year i Integerl
war hour : Intoers;
war minsutea Initeger;
war at raol;

war at a real);

(proo.#dr# reads a com delimited Imes Informetiota file,

Apperidx A Mebicos Image Prooessing Software Source Code A15



Owie@~ to reed Space Weitited fermt after the Da/VAL) 0U .S 9OF 0

var
waile I text;

cede i Integerl
chi,thl,

chZ i strinp~l3
Jwako I strinotP2;
jwakIO i strIngIO'0;

IUM 1 triIMC~;

beg in
Weip'i(Infito, wWlme'.IE),
P*Getinf tsilI):
tli w.bP;
Nhite OtWO,3) do roedinfl~e,O'))

rtad~i nfike,chuthk thl;

If ch2R0
1
, than voitchl~day~code)

list vGI(6ki~ehZ'day'eode);
It W.#~,# then reed(It I WleMs)

else rted~infile,ch,ecsi);
valel(Mriithi'tedei;

If chil.'a the ai veltttahuiseede

begin
vaLtthi-chZ.heiil,todo);
reedi In Le~ch):

reedf ntlne.chi ,Mahi

vst cehl~rh2,aIreute code 3:
ro(indI IorAftelhIWr*q31
veil Jw9, O etodio;
read( Iali tooth, jisaIW:
v&I~iIG.e*10eLcee)I

......... S............ ........ *i.....................

proce6Jr 110_11AHIE~M~iJFOt a I iaslerame.
vnr day I Integer,
var scoih Intster;
ver year t Integer;
vir hour a Integer,
var ulrajtet Integer:
var at a rest:
war eL t rest):

Clobselins IM" Intonation for DIN/VAL 13 Sept 90 lassetinlrq)
vi'.
err i Integerl
vlie i Integer,

begin
dey 1. 13;

.enth 1. 9;
year a-1

9 1110
vat (copy(im. 3. ). hour,err);
sleieuoloo 0;
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at :-91.333; AGAUTILS 10 OF 10
gas# view of

Is ez,~l$T.0:
Is oel-159.Ij

&s essml64.S:
5: e~s.1e7.0;

6t azx.169.3;
Ta ezt-tf.O;
Si ezz.190.0;
'Pi *Zsse9Z.Uj
10: ezsn.l9.0;

Its elt-19V.,|

11 2* 620lI.01
131 ez10202.O5
W61 begin

es ai.Z5333,
eil- 92.333;

else
Cot
begin

frltetn( Incorrect vieu 8 reed free beseline file Liest,;

VAL1;

and;
OWd;

A1n7
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uni A~arte.;AGAXANOM I OF 6
mInerface

prnirter,

hploutits 0456

vplojSZ 0.456;

*px _ 0.310;
*pr 1401

mmin *III
targetwuldth a 6: (set width of target box In Not.!.)

type
*oeo array 1. .rniraw, I *.rnote of intollepn

raveo I Intoprt
hallo. Integanl
vo~le iItogon

windaw.anray - arraylO, .roin) of wirdow..yoc

waroowo I noiw...lmao;

ploobojiur lead~rarle(deattoc t stringI2;

p9oc@W.tf f~indbowaoayp( as I rest;
*I t reat;

war I w~wxW a Integer;
war upbotw4 i Integer;

Imoaninft a iflemwonwul

procedure find bOvzAstvsr towboun a Imaeger;
war upbaoMW I inteserl

,uactlmn gtitronio.(row i ntagor.
cot i Integer;

imsnwiIvavo..ns i integer,

procedure mInt wndow twor windows i wind ar~an y;

pIoockaWO V~t ltirvj~w~rvq* Intage.i
windows i wlrdowosrrsy;

war towea**ig Integer;

war window :wlndow301e):

lopIi vnntation
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......................................... ............ JGARPLNGE 2 OF 6
procedure r.*djrsnve(detakoc i tringt12:

var
1, 1J Iintegerl

inCH.e i file of integer,
top I Integer:
&agenlt I Imaeger;
etrlng2s i stringC*52;

begin

If coply(imeosgeni,1,2 - MI0 than
strir~l s- deataer * 'IOL' * copyflimgenaso,?,1) 4 .ruag'

If oepy(imsgenwlit) . -Val then
strIiii25 I. dotatoc + IVFG' * copy~slaerwsil"7,2i .n

if COPY(flrwimgso".2i - 'Am, than
strinelZ ill detatoc 0 'APHI + coply(iosgeeaiii,7, + * M

Mels
If osyign51l AG' then

s.:rin2l i. ciatalec + 'APO' + copy( Ingensoi,7,) + '.rns'

it f oyicesielZ FD' and ( .oilyliuagwnme,"1l,Il III' then
strinotS j- dotoLoc 4 'FOI' + cepy(miesgen.7j,Z) * 'I, + -. iiM'

If ( CspV(lggfioM,i,2i - Vol') eOW I copy~iravegveame 1.1) . '2' ) than
strrqn2S is datuloc + '17D' + COPY(lgnm7a 1 2' 4 lrQ

else
If eepylleganUMe,11,2) - 'INL' then

strinv23 is detaloc 4 'NTL- + copyliewsefll',1,2) * .rne'

slgaifistrineZE);
reast(I nf ita);

IfI COY csptlluerwav, i0,) - '7' then
begin

( For AGA782
for Iis 5137 dowto 1 vic
begin

agsent is trisicti / (517iiCO) )r
for I is I to rnecoi do

roodllnfite, ranges~sgScrit, I))

end
end
else
begin

( for APAI70
for Iisa I to 84 do

for J t. I to mngcol do
rosid(infill, rsngestiij):,

for I i. 367 deoeito I Cis
begin

Mgacot 1- trurle(I / (36U11140)I
for I i. I to rngcol do

reedlInfill, ruagseslavocnit, 11)

end

closet ninleI)
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ftirictioji vet a@Ngtrea a Integer;
cot a Integer;
imuaa I magv.nam) i integer;

era
nhaacol a integer;
toppyar a integer;

begin
If ( COPY'(iuaerAft0,lo0 - t7l ) then

newel aP tacto I * (53 seat) 1410 Foer AGA782
also

newot a- trwwc( 10 4 (37' cot) /140) (For MAA70

it (newelet 4 1 them
newel t. I

aese it (naweast 57) then
newel a. 57j

gtouagers a. rwagaalaat, neweol;
tMPpV $-t ra ngealtew, newell;

It ( I (eepvCsoingainem.,t2 *V4 or')a (cepy'(Ime molln,,2) - V91)
aft (toppar 4 400) then

getjrengez.E0OO; (4-FIX TO FILTER OUT MA RAMO DATA FOR IFS)

C* .a a.a...n.sn.a.......a ......aa....a ... a..... ........
procedurte fI#*.b~wndseypq &a I feel;

at. 1 Post:
v rtolwibeacad a integer;
vra agabourw a integer;

(determines range limit. of processed ioeary to be applied
for TUNtA DIN/Val)

tower a Rot;

type
date pair * record
as iinteger;
@It Past;

wand

.0l Intagatj
gaper den. a boolvemf;

ridge ia ertylt. .311 of deta~jair;
battom a reel:

begin
ridaCoo'16 at. III ridgaill at :- 92.5;
ridgeaal as t. 160 1 ridge3.i 1- a 92.6;
ridot~li.aa 1. 162 ridgetll.sl a. 92.7;
ridg*141,az 1- 164 ridgal'.2a 1l . 92.6"
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t~dglSI 03 166 1 !lg*1I .0 6 9.1AGA.RANGE 4 07 6

rld19915.aa I. I7n I aldgetl..1, 1- 92.31
r do 01941 t,. 174 1rildgcYI.et 1- 92.5:
ris:,10 .11020 IN76 : 116541.021 1-9l.41
'id.e112 .m MIFI5 ridgeti~l @1 i.92.Ij
rIdgoilet)l ION 10 rldve(12.ol 1.91.41
ric:114112).e. 1082 ; ridliotill.0i 1-91.41

ridg.(1S2 mev 1.1561 rldgolsSl.0l 1-91.71
vi6'161162.as .5 taN I rdg.1163.0i a.91.91
riclfely.817 Ii 190 : ridoletly.Si1-291.91
rideet'lt).s 1-192 1rge11012.01, to9*il

eldget1t92.a .9a IN 1 ife~dol'91.6k ,a92.1:J
r160.1202.0 Wi6 ld, Cidgtil.el, in91.9;
rl60.111 am tol" rici.1212.01 bal92.11i

Pidle.al)2.61 .6191 ri f$65 l.922.1 1W .1.5
1@166111141.61 .00A oldplkI1.01 I .. 91.P

116541152 .83 .-206 midgetal~l.01 1@91 .71
ri6p12l)62.a 14116 .lPI601262.1-*91.51

ridb.1272.&1 19211 j ridp1laol .091 @.01
ridgell~l~s isili r12 .1 9)122.ok1-a91.11
rl16001 9.@a 6216 rl6051292.e1 I09l.Qj
ridgeiOlla Ii j.54 ridgetlil ..I ivg?0j

upePr.40M is fall#)
I 1- 11
while ridgellI,1rou'¶dcat) &~ Il*iwlj
boltimeI 600@1ge3.s.01

I I- Itj Jis 70:
while2 net~pqr~doe* do

It 05?MMUCI ,J, lugerinma 4 upper then

Lwordom I. true;
WWI

I Is I * j

If ( copy(Iftmganft,10,l1 - 'T, ) then

iowbovold i0 oud (bu0t twn.II*P0. 0/ jt pIv9IJ1100t0.0157. 3)) 7 01

If bOn i~w is~ lhui0ibtl

If towboudpll) them, Ilowouriw 1 120;

(.........................9.466..... .... . .....6t6..66 . .........l.66

proceclur fInd bsausitvar iwhmaind i Integer;
var 9upboun I imtsagfr;

losteneso i lIftj#Mel:

lower - 300;
upper - 19900Q1
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warAGARIALNE 5 or 6

IJ to inteIt - F

begin

begin

and

I *. It4

done to PA1.1j
I a.to0 ido J t 701
While utwice") do
begin

if UtfthliUIi * J iormno) s, towier then
begin
IWAuJd is 1)
dome to trust

I -. I t

It up~bouad 4 10 them ulaxod.. to lot
If lowimuetid P120 then Iaa'maad . 120t

..................... a........Gos..............................)

potesliare Init~wimelowlivor windows wi WiowWarrYi

I IIteger:
begin

for I i. vmulIn dontio I d
with whufdeeitna.tIn - do
begin

II (11t1"Utel 1 1) * 1 2) truncO 1 2)) then
Ville 1. 1 * I

also

vita V(IIta

range ao truwt target...eidth / sinitailso (ipim.1118Z / 10001)1

windows a window-array:
var iewrange tI ntodorl
vat aWomig. i Intederl
var window i wirndowajraa

var
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Urdt ~hJ4trctAGANSRIc 1. oF S

Interface

ssfutits,

eonit
histoalkli - 211;

hie~optr * Nisatvrm;
hislogrm * record

bins Ia rrayitfl5,.2161 of Integer:
ondl

Procddure sentrestlver hills I histopiti

IAwAm i Integer;

low I imieo-rray:

var coril-40 I isisliaerrsyj
fIraIttgt i terfitjotri
iimsnmas i Ings.noseij

procedu.re seutramtzlver histe I hilsiepar;
iea-eIad- iInteger)
t4beaad i intsveri
imice i irage*rray;
windows. i windoaaerrayt

vlr contlagi i coat~arrsyj

tJ'itwis GyP(dontrest I post:
hist lailtoptr): real;

function CLY STPihet a Integer;
hist i LV~histo) i rest;

fvutieru PRICEiiTILI(vgr histot hisatpirl
percent iresiji Integer;

iep,4morlta~iota
................ i.iii.i W.......................

Precejre contreetCvar hilto a histepirt
te~baad 1 integer,
Lbo5id z Itatehirl
loss@ a solnelrray;
siama I wirvdomarrny;

vasr cont-jag aMi-o rray;
firlitltet tsfcet.ptr;
Iftesnef lomiee..ni);

type
ta ytwindv* record
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xl ineger:AGAXETRIC 2 OF 8

x2! a Integer.
y2 a Interger;

tgxeorray N rraY0i..2O) Of gtotwinlow;
tot-ilet * 'igatjiitfe
tgt~iiat~rnc - record

auo Integer;
next a tgt-iset;

and;
(.** {)* ... ... ... ... . ......

procedure make-tothiindoS-MfIret-t a tergotjatr.
yar xerget~winWINe a tgt-afrey)
vat swit.tilts a Integer);

yar
euitrrptr i tarritptr:
I a integer;

begin
ou~rrjtr to firlrettgt;
Ito 1;
tileo (curr~ptrA.Sxt..tlt t nIL) do
begin

tereeitwjiAidea(ii.Xi a. currsptr.ttalilt.cqit~rx trnai(curr~ptr^ttutwitid.hIaile 2):

terget~yisindawldIJZA z* currptr'.target. coitere * tryrc:4currjptrA.tltwlrd.hGIz / 2)1

tergstyitiduW0II.yl to currspWtrttrqt.Ceflt~ry- trwrclcurrjtr~tttwind~voIie / 2);

ter#@tywindonstiI.vZ to currsptr't~relt.cefltery + trwatiturr~ptr'ttttwir~d.vsiie 1 2):
curr~ptr t' currptrtneitttt;

I is I ~I
and:
rvaRtgta a. i1

(1......11111.... I..... I....................)I
procedure fort~tergetaiver teraettwindcva: tgt~arrey;

aaltgti9 a integer);

vat
t PMjerg a tit~wlndow:

be in aitgr

for I a'is~a (n0tat. 1) doagntc I do

for a :-i to I do
It cxergetjilndorn)J)~y - ,arlteteliidloeoi 11,y2!) then

begin
twVtorg a' terget.wlindowsej 4 1);
tergetyinienlJ + I) ao tergetywnirdwtJjI;
tarlet~windmsejlJ as leap erg;

............... ....................... ................ )

procedure check tareettrowe Iinteger,
w I idow window-tee,

tar totilit tetlislt;
rswtvs tgt Integer;
ierget~wtndows tgtamrrlyl;

vor
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AOAKETRIC 3 OF 8

bottm t integer:

beglin
it (titlist gi, nil) then
begin

.hit* (eurrtgt - flit) do
begin

disposeccuirett);

cutrrtst I. ttitlt:
c¶Jrrtgt^.roxt it nil;

tap t w -a windcat.valwe
botto t. row # windw.vostigg
fto, I it I to auotipta do
begin

if C(tirgetaiIndutlI2 .yl i, top) and (target aindowselJ.Vl 4- battin)) thent

eurrtgt it calrrtot^.neat;

currtvt^.ttstt t- nil:

if ((target aindouaws0.yZ -. top) atsrqtt-rwtindowsliI.YZ bo~ttm)) than

if tcurrtgtý.ria 'a I) then

beg in
naedicurritgta..At);

rurrtgit I- eutrtgt-.rext;
curetgtao. I- i;
currtqt'.neat it nit,

and;

........................... ................

procadora updt*ate trget,) n target-windaija tgta&rrfv;
oar raltintos Integer,

w I .drl windaa. rec;

row integer);

tar

top :integer;
begin

top it row -indaas.vitize;

for I it I to rwv~tgta do

begin
if trgtI'oi4.1 top) then

ter jit I" to ,amtqts -i do

eno;
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AGANETRIC 4 OF 8

Vat
1.J. k., I I integer;

.ajglita a Integeir;

targetstras tgtasrray;
accaaainer a langnt;
ate~ow~totr t teagint;
ar"WIxL t Integer;
smanirrear a real;
maparmtar a real;
AGAjontrast a Integer;
rang. aInteger;
window windowt rec;
Lasrang. a Integer;
Upronge a integer;
currtgt a tgptjlat;

top ainitegar;
bat to. t Integer;
left a integer;
righat a Integer;
ttirrant~tt a integer;

begin
far I a- 'fl5 toa256do

hiatoA.binaBi ta. 0;
mkejtgtkilieosgflret~tgt, vargatywiades, na -tgta);

aartjtarate~tarastawirdasa, avis tots);
rangam a. got~renge(uqbaatd, leftitat., immgensm);
get~wIndowtranga, sinadows, lowasrng, tprangpe, window);
k :- vpboad * warindo.vaizie:
tgtlist t. nit;
far kt a. upboud to lowbata'd do

begin

chack~tar,-tti, window, tgalist, mrkatgpts, targstalindows);

rang. to gat~rargek, CLeftiwak windas~halze * I), latagenamw;;
if (range. lowrange) or (rage u praneel then

getelindoat range, airdows, Loirangs, toprange, ainces);
for I to (left iwala * windoa~hgite * 1) to (rvoocci- rigrat_ Jas- Wurdosiaize;) do

baain
pracade a* true;

Cufrtipt :- tittlst:

left a'I a irdoshgl ia;
right as -* irdashaasm;

tap a. I k wiuvvas~vige;
bottom :. kt * indow.vtize;
wtile tcurrtgttneaxt 4, nil) do (identify position& share contrast bax overlaps targets)
begin

curraetttgt a" currtgt" twia;
if ((arget aIndowstcurrent ttil.xZ o- left) and (taraettaindowstcurrent agate) * right)) than

procade a' false;
If ((taruatawirdowalourratmtaltl~x at left) a" utargetaindýoealcurrent~tgt)a; ( rigi')i then

procade a' false;
if C(targetasiidowatcurrent~tgt).yt 'a topal and (targtS~itwimdaaacurrenttgt tg; ) bottom)la then

procede a- falae;
11 ((targietawindowsacurrvnatat)t .i y2* top) and ttarget airaalosatcurrana ttal p2 a.bottom)) then

precede ao false;

currtg; a* currtgt-.neat
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AGhI4ThrC 5 OF 6
if peeaft then
begn

eccjbte, 1- 0,
nmp~luo 1- 0;

rens i* ihit-rmieef, 1. imonenn;~
If Crivi. A toeoreitee) or (range j, uprnge) then

"gt~wI ndout rus, windew , Iowaings, W1111111 ul fdeow)
loft I. t wiedow.heime;,

right t- I 4wlrndw.dheizo;

top io k -wlvinow.vvise;
bettism I- Is * inow.Wisisss
for I i. (it wiIdoe.vaiza) to (k *window.wsIz.) do

for I I- left to right do

writ~tn(outptlt, 11 1, l:, It - 1, W, 1 1, ItS, I is$, 15 left ' eti
right * ,righttS)l

erniumter t- eccuauter * Img9*tI ).date El;
I'oplistlI- niupixot * 1;

eogtmlevoe t- 0;
for I ta, -b t rum (wino, v9 toI / 2)) to (k * trunta'at douwi.oeIze 2)) do

for J t- (It truew~(i.now.hoisto / 2)) to (i + trung~wiridet.hol.. 2)) do

,ezotn~migr j- , Inlner 4 imeehII~sta(JI;
CCOtr -a. ctlawter - eceuoneur;

rulaeix t' rempiteL -Celndow.yuisie a wledow~itstjotae
Meutifmr I- atotmlroier /(uirnt...voile * wiedoti.holae);
smoanoter ina.Cccfouter / mWIx*L;
£Acmeotreost to rountanananuter -viminieror):
hloto^.bInoE _enntArost3 I ts 14Wto. bi me AGAcont root) 4 1;
hlft@.oobIMfI2S6) t- histo^.blMaI2SS2 + lj

ond;
WW;;

..................... ...... ............- .........

procedure contrast2stvar hlat. hisaoptr;

I eowboun I ntoger:

43bM Integer;
Inoe. imige rray;

w I rddooi wI indowo ar rasy
woar canti1no cmt ci ray;

vor
I, it, I s Integer;

ecut~inior t lengint;
occiinqjter : loneint,
roulp)me I Iinleger;

wanlrejer tresl;
mru~t~tr i reel;
A3ACmntraet i integer;
rend. tInitever:

windo wIndcow..re;
I owrng. integetr:
..prenee integor;
precode 1.00l66r;
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top t Integer; 
G:TIC 6O

bottom a intatier:
left I Integer;
right I Integer:
itrworplxoto a Integer;

begin
for I i I to nwor., do

for 1 1. 1 to raxro do
for k is I to PLxOt do

cotat.I I I %date W :to 128;
for I Itt 255 to 236 do

hislto^.blteCII 1- 0:
rang I- etot-are(upbwud, leftt.Jun, lomagmn),
ott.ywindo*trange. w~ainows, towadrane, tPnmng. winidowd);
it I- qtbou'ad * wiftdohi.vailve;
for k I- Lpbound to lowbound do

rang. a. getjoinge(k, ((of tj,,*i 4 wienei.heato *iImagarsomeI;

If (range 4 lowrirango or (rmag.o upang.) then
mtt-wlnduit(range, winduow, lostrenge, tpdrligs, windowi);

for i is (ieft~Juah * windoit.holge + 1) to MAW aL rlgiatJotit windoii.haiist do
begin

left I- I wlndow.holge;1
right to I w inlow~itshiz
top i to - windoot.nygol
bottom I- it 4 window~oveo.~
procode I- true; (process alL pixels)
If precede then
begin

aocumtmOltr 1- 0;
niamplital i- 0;
Irvw'~pixoetot 0;
ra-1e I- sittranglok, 1, bm~gemea);
If (range - loitranga) or (range tueitie,,g then,

get windowirt range, wjindows, oi-rang., Wrogs, winfdowi);
left 1- 1 hdind~o.1tsize;
right t- I 0wirdotl.holso;

top I- It , wlldoiw.vslts;
bottom .k + wtifdot..vsIoe;
for I (k Ct windoti,vait.t) to lbt + windoit.vaiuel do

for toleft to right do
begin
writolnheutptejt 11 - 1. M, I It k:5, J t*,JS, 1 115, left ' left:5,

I rih -1 rightaS:;

6coummuler i. acctintjtar - Imagell)^sis dtal~
rowsixel I- numioel + 1.

aettaltyter 1- 0;
for I to (it -trwimtwindgo.voit. / 2)) to (It * trtuaicwindoti.voii. s2 do

for i :. (I - trucw~ianiroi.hsio~z 2)) to (i - trtot(wlndoit~heioe /2)) do
begin

Itvir-ioelO I- 1hewi! PIxel. *i;
accuminnro : ccumiavier Imgl)dtlJ

and;
actumotjtr to accutouer - ccwirvwier;
nhsatlaw :- nusplol - iller..ploels;
swenirvor :w aceiailnner / lreiertloeis;
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mmwt~ I.occ~ute' j ~iuij GAIMThZC 7 OF 8
Wcmtrrntr 2* :. r"msnmmrvr-u mariouter);

hlet*^.blfnotA&&em*ttogt2 1 h1&te^.blrMCAQA_4*.Otralt2
hM&tAIbtIUM5) i- hilto*.binoAlSA) * 1

............... .o ............. ..........................

furaiotn GTp(gontrest irtail
histo I hlstoptrl i real,

war

I I Integff;

for I B. -aIss to rowwdCnttIost)*1) do
acon I- 600M + histo'.banetI2l

UP to top;

fwction GLV_6111thot I intI~ar;
hilt i CIjLetelts i reail

war

tw real;
I a Integer;

for I t. 0 to hot doc
"eeas ". GeontwIl 4Mtti);

tupI a. use / hiett2362;

ord;

......... ............................ ..5..............

f~.attiar PEOCENTILE(vat hieto i latoptr;
percent : reem)) integerl

war
,topeat I Integer:

I iinteger;

aceum a tagrvint;

atap~at a. ara"(parcantlint(himto-.binit25S )):

while Ceeamnstopmotl do
begIn

accum a. ccum 4 histo'.binati).

PIRCEaTILE 1 ;
erd: ("r pereenaItll)
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Interface

Mae,

err.

"Bmut I Is;l

eq|oao * 0.0@osa0;
w41070l? - 0.0003101

Oil e 1 U.05 Wais of clutter box In intere)

type
byte _arrler - arralID..1.60 l of Int"er:
rsI_4arrlir a irrlO..10002 of rilLl

functlrs VAIMANCItdt , bt.,.clrriert rootL;

proandre slr.rmynd( ligoe I ige.Iproyl

tpbolud s integer;
Lobieve€ I Integer;

yap clutter I rest;
vor roynld i rmal;

old-dey t rest;l
......... .o .o .... ..... ,... ..... ,.... .... ..................... ........

fwh tlun VAMANCI(dt I by •aelrrier) reslt;

war

J i integer:
I,p I resl;

aver rel;

bgin
a to 0.0;

for I ji I to datall do ato a * datetJ];

o0v to a i date 502;
ever 1. 0.0;

for J i. 1 to deta(41 o0

beg in
p l. MrclritoiJ].eve):

ever s- ever *

VAiIAMl to aever / (detaIOl);

enc; ( and VARIAACE

.....................................................................

procedre cupreoynd( Iaee i insll..irroy

iluteraine I leii _n ;

Si Winteger;
I uiin a integer;

ver lutteir i reslt

var reyol.d ! reel;

atd dev i reelst;
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var AGACOI4PT 2 OF 3
bytte..dat I byte-cerrier;
rost~dat Irtal**carrler;
*litsPla I resill
width i ntegav;
vert boxes I Intleger
harizbýWose i Integer:
residujal, Integer;
roeaatetrt I Integer;
costaert t Integer;
I,j,Ib,Ib,ic,kbt integer;

"Mco I reat;
ruar" I Integeor;

btegIn (based on center luigo range)
range i to grangetrurio(CtaowtoAd4upboia4)/Z2), taaunc(truaiuoI~rlht~jwkl/2), Imagegns"~);

If ( cowpylwwewroo 10, I) - '7' 1 then
slas~pla to range * el( nt rgia-78? (nomInal pixl 6t : m in vot ers)

Cose
, laoplit to range a sin( arqlse.1170 I;(,winal plxel sit. in voters)

width I- truatoldio elvoepIa); (pixel dimension of unit box)
"veriboNO to 60isxmlea -tipbetb.0d) dlv width) (thater of boesn In vertical directions)
row~sitart I- 4abound.
horntzboxee I- (rumcol.-rlglotutk) dlv wIdth; (ver of boxes In vertical direction)
cotastart 1. 11
IF (vvrt..boaeenv4 and (horiz~boxesoeeO) THINl
bog in

(comptti and starei variant* of each box)
kt 1- 0; (box counater)
for I a. I to wet~boaes dlo (boxes In virtical)
for J I. i to horab booeo do (boxes In honlsontat)

begin
kb I- Oj (pixla counter In boa)
(Lead carrier orray ancl compute box variance)
for lb I. ((I-1Pwidthorow-statrtt to (l'vldthvnow atart-It do

for Ab a. MCJIl)%dth~coI~tacan) to lOwldth-lt do
begin

kb I. W11l
byte delttbbli. iMaeullbl^.dattIjb1;

i ok +. I,- 1
byt.-dat[02 h kb; (plitsk In ba.)
rest -daalkl l- AIIANCIE(bytw.dat);

real dato)I (II .ntit
for k to I to rasoud(real..dat 101 J do accu i. 6ccum, # neatdat (hit]
clutter to sqrtteccwareml dat1(Ot; (convert to tomporature)
if &tddewv 41, 0 then

reyrtald i. (std~dev -clutter)/ atkdedo
visa

teynod is 86885

give
beg in
clutter so 9999.9;
roynold :- 999.9

and
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AGACO•PT 3 or 3

C..*t .... *~flb.UbPW.***S**U* f........ .......wzl,
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PROGRAM: VISCCDPAS

START MAIN PROGRAM FOR
VISIBLE IMAGES

READ FIRST
eITE ro BE
PROCESSED

~ CDDRANGEPA8

COMPUTE CODUTILS.PAS

NENo

READ IMAG35
Appe~~~~~~~~idAIMT AANDmg roean otar oreCd



+2IMAGE
OUNVERT IMAE
DYNAMIC

NRA OE?

N

COMPUTE MORE CODUTIL&PAS
IMAGE ICODCOMPT.PAB

*~METRICS CODMETRPAS
DISCARD
IMAGELCONVERT IMAGE

METRICS FROM ICODUTILS,PAS
GRAY LEVEL VALU S
TO TFEMPERATUREQ~

Pr1 NA OUT

METRICS

READ LNEXT
IMAGENAME

TO BE
PROCESSED
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Unit CCUIJILSI CCDUTILS I OF 8

Roils This progras erormatile SLy to @xpeoure tIMP-0-I (if exposure time is
differ~ent from 0.1))

Interfaew

doe,
oft.

eeot * 576"
left..Jw* * l
rightjt,* -51

type
GLVptr - IQLV;

ALV - ecr
bins arraytC. .163001 of loosintl

lagegarray - arroyli-.rmrmel of hugoptri
work-rom - seeeyii,.1024i of integer:
Ingejew - array ii,.rumcotj of Integer;
vldee..erpav - arrovil-..wowlii of hugeptr;
video eaw - arrayl¶,1924) of 4yte:
COMMent info - orrayil..El of char;
I nag.~c~ent - record

f stop casit - nfo;
fitter i veont.Anful

j nk i rayll..942 of char;

ineg..poo * record
cot i neager;
row I nteger;

lmioghoadtr - record
ofeit I iomegcconeint;

exptiuel iword;
exist lime word:

Junki sprryli. .6 of byte;

imse~ ir toneg.plnt:

img-teng I legepoal:
1
O loo-i Imimmeso

gain I Integor,
reac rato raintegr;
jwnk2 iarroyli..i68 of byte;
maeý.fraa i ineager;

impgtype I ntegori
lea'*s i rrayll..81 of byte;

lmgeenN s tringtfl;
strinqi2 staringhllZ;

strinvI6 sterinofl&;
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prog*Wp* rgead inealvr loge Ivlmearray: CCDUTILS 2 OF 8
name I lmawmo.nn:

vat OLGI.hst a CLVptrj
var gilt i Integer;
war mx a int~aral
var pore" j aInteer;
var porettr i Integer;
vor median a Integer;
war med.e t integer;
war men a reat;
var too I GOafltjnf a;
var atetp I caifltjiflf@
var eaptla I roal;
war filter I Oieft-lnfo;
var start a laumetr;
var antropy I real;

loaehoiad a intever;
auahaMd Integar;

dataltoc s trlngl6)1

procaU Jraert.atdlsplay~lmtgo j Imegearray;
va' display t vldmeerroy;
var atd~dov a real;

Mirn a intagar;
a" Integer;
mail I real)

var skaemness a real:
var Iturtools i reall

i aabeva I Integer;
upbmWv 3 integarl

procedure AIAD.IVAGE..IIFOC ,om a Imeamx;ee
var day I Intojer;
var entla a Inlegeri
var year a Integer:
var hour a Integerl
var olavutoi Integer;
var asi reat:
var atl resl);

procedsure 111AO ASKLINE la11M name I lmejaveaa:w
war day a Integer:
var monthla Intever;
var year i nteger;
war laau, i Intesor,
war mirtate: Integer;
war &A I real;
war *1 : pool);

I................... .....................
impt emonta: ion

....................................... ~....aa.......................aaaa
procedurle read mglatovor imaeg I ma-geaurray

var GLVylat a OL~ptr;

var man Iinteger;
war MeRc : I ntear:

war percO~ : Integer;
war section a integer;
var wede : i nteer;
var Mma I real;
var lmo coamerallnla;
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ear *meaqi S gameantinfo; CCflUTILS 3 OF 8
var maptia it real;
var filter a cineint,.Imf@
war utert a haaeetr:
war entropy a real;

aaeuoind a integer;

detatee a etrinVi6);

procedjrae read~heder(date..ic a etringlil;
name t Iinage Isma

var lew a eeemene..Infar
var filter a *gintilnf@
var eapotim a real:
var fetap a canren; Info);

war

Wnile a file of limage faaderl
header t teOAgeI#_eedei

begin
eeealp(infile. detaloe, * now *-49

reedgtnfile, headier);

Ieee S. header. eeomt.loom,
filter a.hedrcm tfltr
fetop r. heaeder. oaenta. fattp;
hiAeeer.eaptleal a. saap(heandr.eoptlfl):
eaptim I. haader,aaaplimz /' to;

C .................................................
fuawtlen GLV-PIICINflLE( war lalato a CLVptr;

a, a real;
percent a raalainaever;

war
etop~at a rsel;

I Integer;

etopast i. perect-n:
area ' C

Whilie (Seccajcaaopat do
begin

aecum a. *eCaUm * lato^.binellb

(--.-.....-.. -... -",..............................I
oar

Inflle I fite af Integer;
storerew I erreyla.. tit.l -I at o Integer;
woerk :aork~roe;

eridalac i word;
gridiltiek a word;
I, ) a integar,
macaL I rest;
percaratll i feel;
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biddle 3reel; CD?~i 40
poircmmflL t reel; CU LS 4o a

Junk 3 tfteorg
imesiza w e'd;
amm booloon,

41W11 beeoatw;
prb Irool;

percentit reet;

towm I intwpr;
tositr I htasptr;
ackrses lentnt;
fector ,Integer;

I reowm lenelnt;

r.od hewedrcsta-t.l, now, to0M. filter. soptivi. fatop);
factor 1. rs(oGtX.0) OPCAlOO tims 10ustliation)
0e19eIon infIeo detsejxc . nam +*.ed
roe~tO infilip);
for I 1- 0 to 1SAO do OLVhIsit~binolI2 1. 0:
foir I 1- 11 to $0 do roedllhfllo. lta'*t;
gridalse I- slitef(mdork):
orldslash I. trtancgridsie~o 1024),
grldiciiz I. round~srideiaoe 2):
-rkotohtinttrtl;
for I &- I to ruwam do

It (IMoel1t - nit) then wrltela3(ouatput, *OUT oF aAmt');
end:

&Ccm 1- 0;

oin ;. 2000;
for -. lmot amexto I ao

for lI I to roenredo

roodllnfli., tamp);
to* !- (temp dlv factor); (nrosillxo GLV to exposure tlmewo.1)
If (tmpxih0) then temp:-1829;
I I (tsmoO; then tomp:.0;
if M , left ixa) end Ci rURoI - ight juwk) &W~ (I *.lxxbouidcl Ord 0I upbww)1; than
bogIn

if (tow -MR) them mx :- tow,
If (tow - min) then min t3mo
OCCURt I* OCCUR * tow:
GL~li~ot .bIrmltom s- SLVI Iet' .binetti~l + 1;
GL~h~et^.'pIml[i30D02- 3 L~hhitA.birmlli6Mj # 1,

envoxtoot mqolIPtrtolwfeo(Stditmork)), gridsisel;

MwedixtMpt rtmlahugoledr (work)), Imeoridsloel;

ocitr,.. m lormintClowiiiop'):
tewmtr i. htepstr(stolreos - (I - 1) * 2);

eat~pttdaae~ddr to)),tooptr. 1);

closet infile);
won i. eCCUR I fIvh i at'.bins 116300),

A40 Appenchx A Watims Imap Prooemng Softwa'e Sourc Code



percOSis * LV PRCEWTILC(CLVhtIst,ifltGtCVhistt.birMIIEJOO),C.O$f
mdlw¶ I- CLVJPIICENtILE(GLVtIII~ifltCCLYhiIsttbIfleil6JO0l).O.5O); CCDUTILS 5 OF B

porc:9i Is O lgv[CENILt(GLVhlot,Int(CLVhist-.blfl*16300D),C,f):
entropyt-O;

for fismin to so do
-egn

If I*lvitlat'.tblr(lJ i, frq~mao ) then
begin
freaosixi glvhislt^.blnaCiI;
mam f- I

prob is CL~hlat.binsCIl /lnt(CL~hhattblnasl6300Ifl
If (prob o 0) then entropy is entropy * (prob & Inlyrob));

entropy % -entropy,

.........................ns . o ... a............ a a.........

procedtwe create *dIasplay( limits aixkgearray;
var display vldeqarrey;
vsr std dev Ireal;

alin t Integer;
mo a Integer;
ama a real;

var skeweses : real;
oar kurtosis a reel:

I awotn Integer;
uphetaid a Iinterger);

fiartlen IlklTGLVtyaiue iInteger;
min i Integer;

mixu Integer) byte;

var
to a resl;

begin

totep *((vye ue-uln)/j(mo-mi n)):
If (ttspi) then tempi1:

If IteaV<Ol then twva:-C;
Int-tog11 a. tr(tqcteqt63I;

erd;
...................................................... I

wort woark-row;

video videoq W
I, I integer;

gridelit : word0;

vldorafltir w ord;
gridlizek aword;
acotta) real:
accm2 a real:
accuel real;

oqjard real;

tomp areal;

begin
Enldaja. a.eositeework);

iriaelue at trlattgridalze /21;

nidoomiz : elaeaftvideool
girtidlsiet it tnom~ictvlstolz / 1026):
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videogise to trtanc~videasita. 22: CCDUTILS 6 OF a
occult 1- 0;

OCCaUa2 1. 0;

niAPX*L 1- 0;
fot Ia I to 1024 do vides.l2 to 0;
for I aI o ow do

If (dieptey~lt - nit) tihen irirt~tn(tttptjt, -Oan Of NAN (CAIIAT DISPLAY)');
.avoext(imouitlt. PT rt~atugoeddr Nork2)) gridkaio);

for j ia I to vernal do
begin

videoJil t- int_1o~qtv(work(J), ami. ama);
it ((I t oft~junk) end jci ruscol rlight~jun) and (1 kow inbd,) and 0I a. bourdt) thtan
begin

rmmxltL so rimpltoal - 1:

eqar. ao sqr(tem);
accial a. eccuai * spamre)
scctu2 is accus! # (sopara 0 w4
0001*) to accim) # (sqAre I scitiro);

ond;

uoVqeootiptrtaitUge(edr(vidSo)), diepitayll), videoia.);

accLu11I a. .001. j (nuapiket 1);

std.dev a. scqrt(accteeml):

svam2rmiuteint r

tpfcourteareoI- (a cmwdat lote tepa*L. tvavaa fi;

changeto roa spec doyt itdInrtegfer; a.OMYL

invl r te iteer
cede yea itntegrr

ih2 2 ntr er 
:

ita,& at rtrigit

insolent text;.nn'igI

reaettinf stri); O)

Cimt : nfib*;

whiile Cch-.'') do readtlnfile,clrt;
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readc Infl~aJunkOA; CCDUTXLS '7 OF 8
veil Jwik4,yfl?.CWe)l

If eha.',' thaen val(cht,day,cada)
else vsL(chl~chl,Say,cad.*);

if rh2.',' thaen readtliifle~ehl)
else readlinfile,ch,chl);

readinlof*i,t~h,chl,Ch2):
if chbw':' then vallchl.hour.cade)

v ltichltc , hour ,code I;
raad(linfiIl,chl;

read( Infile,chl~chtfl
val lchl-0chlnulete~code);

read( Infile,eh,chJw*k9)f

va iC JutS axcoda);
reeid; nflotII, cliJunO),

vaIOljwtIO,al *ede):
ct~loseif ili);

Pracedira 31_A$KSl.INIWO S Pao Ia lnage~nin:
var day s Integer;
var month :Integer;
var year I nteger;
var hour aInteger;
var sirmie: Integer;
var az real:
var ai 1 realt);

(boaseIne image information for DENIVYAL 13 Sept 90 laitI Ining)
var

err : ltallgr;
view Integer;

day 1" I;
aonth,: 9;

year !-1990;

vai Ilcopy(name, 3,2), hour, err 1
"Im~rta. 0;
vallcopylnme*,5,2),vi v, err::

el :- 91.333;
caae vI"e of

1: faza-I%?.0:

2: w0:*59.5;

5:az:.I6?.0;
6 R: a:69.5;

8: a:19.0;

9:aa:.92.3;

t:aa:'195.0;

12: aa:.200.0;
13: aa:'202.S;
U6: beain
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2tS.333; CCDUTI'LS 8 OF 8

e~~92.333;
and;

atse

wr ItalinCt#ncorruct vithw 0 read frm baseLir, file tiltl);

PALI:
and;

and,

(.ub.f.at..UE*NSUbh .........................
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VISCCD 1 OF 5

printer,
tpeatomu,
cedutI t a.
ecdrange..
ccclotrc;

Yer
p t pointer;

aetnf i tring[6);
hal 8 ismegon;
4016 1 imwge**errel;

amli £ integer;
mx I Integer;
pere95 I Integer;
perxOS I Integer;
sadiamn Wa i ger;
med111 1 Intleger,
loan I rest;
lowe i comnt-Infai
fetop I ecgoormtinfol
#AplI" a rest;
flter I amseunt-

4
nfo

start I hageptrl
ontropy Iroal;
dimptay I video asrrhy;
stdda4v irest;
ekowesjsa I rest;
iturtosle s rool;

:integer;
Iw~oeuijd I Integer:
chimAs t vIndlakm rrey;'
clutter arest;
roymald i real;

coit-loo t vidsoeNra~y;
mincont i Integer;
eaxcont aImteger:

contOS Integer;
eontls Integer:
contSO Integer;
contF5 lnta.ga,
,:ontgS ainteger;

J16a* I waan;
proeooth Ma lrdi
proeday : word;
praxciaur z word;
procAin a word;
az1malla I real;
elevation Irest;
611 a LVptr;

oaall-gin I resl;
tortee..ev % roal:
sites-fil*, text;
Ifegflle text;
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in:s-fitnest I stist VI-C 2 OF S
"*trjilwnma I stringll.
ditseioc i strinul6:

strZ I srneWer

ezdt I integer;

code s Integer;
ezeecim iInteger;
vliew I nteer;
az&i-lis I iltgext

else, s Integer;

It&g a byte;

a : teat;

begin

Meel(site-fiieiejinn slmrtei

wAice iqe@fitwaw 41 1' ) do
begin

eeeign(Ilpflie, iMO0kIjLINAME),
resettlaptili.;

cnt t- 0;
resdinCliofiL., rwo;
wi~iiet neh 4p I, ) do

begin
665ignl~ijttil., IMEfTAJILINAME);

eppentdctfaIii.;

(St.)
If (itreouit 0) then rawiteeiutfile):

writetn:
writtintmatpmjl, ptrffessing nege#,9, cntt4,, date Inc. nww)e;
OetVtIoa( jw*,procwiei.,procdey, )u*;;
GetT Im(prochetar.proecu, jnk, jun'k ) tt ;

If tcV(nsv,1,2) n 196t thenl
eee1Igniel fjill, '12 A2EL.TXT';

fi capy'lI=in~,2) - IVG' then
maelsmexieeifile,. ?yoAZII.TNI)

If cWepy~ti,t*2) - 'AN' tlhen
seeignsleael file. *AMAUlt.TXT')

If cepycaw,I,2) - 'At' then
seeIet(sesjI fle, 'AGAZiIL.IXTI)

If I @epyam,1, 2) It If I end
I(copy(nme, 1.2) * 26' ) OR (.:opvinine3.2) * 21' then,
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else VSCD 3O

It copy(ris,112) ? 'aq WWd

(copy(oia,21.2) - 111 (il tcccpyln,3.2) 12,)) then

eulselmn(steljlle. 'PDAZKL2.tXIf)

If teponnawe2lj - 'I'L then

eeeign(stakjIle, NLAZEI..IlCTI);

INlT.MNOiMM~windob5);

eeelaezlat1 II):

val(copy(nam,M,). VleosIUU, Coo);
eeodInaezl~jill, vlmw, aidegl, again, adset, sidus, simin, ese.t)

unil ( view - viwleogqI

close(steljI I.);

azimuthi % sadeg + (((isec: /i0 4i 4101hi) / 60);
elevatlio 1. old"I * (((eleec / 60) * stain) / 60);

It ( (copy(nam,I,2) - 'YQ0) or (COpYMAl,1.21 - yg') ) Sthem

FlweaAQmsiel~wb", um'ld, nam):

if (09ItaMInbiim)40) then
begin

KALTI

KMAAK(p):

HAEKUMtNEistert);

*IADI MACE (imege, sno, GI, min, moa, peec95, pefcOS, medism, mccle
*mean, zoom, fatop, #xptime, fitter, start, entropy
* Igwboloid, u,20cud, deteltoc);

omeItljv 1- 0;

for I a- 0 to t0 do

satlgi~v elgi vbnL;
terise gIv i lergeelnv + gy^.bInslt6299-Ij

smell glv : smaIt~giv / 9%,. bins1163001) 1 00;
large glY t (lerq*_qv / 0v^.bIn*ItA300)) 100S;

If ( (sMell glv~lmrg. stv) O .50 ) THIN
begin

CREAIC.OISPLAICIUgo, dieplay, stdpov, min, perc95, mean, ckeants,
,kurtouis, towoumli, ujbeird).

510~hst);

CONIPAlT4(isiolo, iowbounci, upbotgoJ, lease, windloo,, cont ief
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iMifiot is pgC9INTlLE(higto,2,O/iflt(histo-.bntMIS19l2 V15_CCD 4 OF b
mxeaflt s. PjmCfkYlhIW(hste.Q."991;
centoS v- HacflTILK~histo,0.05);
sent2i to PtacINTIL11(histo.O.25))
tent~lO t- P1CINTII.S1(histo,0.5G1

Gant" I. 111NINcgTtU(histso9%l'";

IF (triax(exptio-10) to 1) THIN
loIin

e01)*x.1.11PTM1IT)

tot-)

IV (lore utl do 0) then rHwIt@(@Hxa..tfinH
r it striMp~tive, nes, oxaptiwidiiZ;

e1990(vtp~t I.);
(NOT~t $1,1's are nlifthed wihen the loole In reed.)

OWd;
ties 1- 0

oin I- 9m9;
am a. 999;
pe-ol 1. 9999
perc95 to 9999;

median t- 999;
entropy I. -9999

kuatauis I- 999;

minaoait t. 9999;

cant05 :- 9999
cuitZ3 I- 9999

Cando 1- "9999
cantYS i* 999;

VMd;

: LEA:[IETMEN(Start);

wriein~a(outVIL. uam:%O procday:, procmonth;3,
*procftoqara4, - .p'ucIn:4, 1 1, Gllouth!lOA,I
*avieototIenlM4, abalaad:S, t.oeawmda,

wrteinjotl( i$le. UHejTti, ', Iint6. , peacOs:7,

* mdiaaatV 1 '. parc9S7 ,mt?. vo , tddevta:2
- QtFrpY110t3):

hwrlHtln(o*tfiLH skaMWst)0I3, IturtooIls00, mlncaaaa:?

1 ,cant()St?, 1 , coat250,1 , cent§Wt,

* coitllS:?. 1, caant9S, ', acni)
arlattn(outflie, agattjlvWt2, I Iatgcgv:jv6:2,

* igi xptiv@16:Zb;

C1061(citflit);

re.dinOW14L. rnvw
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WiMt Cosiffnwis
CCUPANGE I OF 5

interface

printer,
CodirtI Is;

Ikpin 0.116"
vplx 0.114"

rnro 384;
n00o t 57;

Iamffl 9 0;
to1ift..width - 6:

t~rraipjamag - array(I.. .rflgraw, I..rnlcokl of Irnt~aari
wiInauwro v record

rag : Integer;
Naitoz s Integer;
veil* 1 Integer;

wiIdoatarrsy - arily(O. .,enwitt of windsvrec;

vat
ranges range 1Mbag;

procedu.ret roodrN.C datatoc a: srlrglit:

procedure fi r~boiuids~vor Iouboinci i nteger;
vatuiour tb i nteger;

ISImteno : Imgtenm.m);

procedujre find-bouds~ypg( as ot

Ci S real;
vat kowdbourd iInteger;

vat I~up 'dr i Integer;
limagenobe; Image name);

function get !ange(row I IUeer;

cot I ntoger;
1.%agtrw Iwwsage .ws) :integer;

procodkjr* iit a~rdeem(var windlows windoa..rray);

procedar.e ge.tylndhat rang. i Integer,
windows I elitee. array;

var iowr6M i Integer;
var uprang# iinteger;
vat windo ewindw~ec);

ipi amentat iom
...................... . ....................

proceduJre read rangeC detoloc i tring16;

var
I, j integer;
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Inp~ i il@Of iteeri.CODRANOD 2 or s

anrIneDA s trirulb);,

bagin
if vapi'1iM50i"15i5,lZ * '10' than

auring2ltoi detailn * #100' * copy( imagenina,7,) 4 fjog'

also
if copy( 1immegen1,2) * 'IC, then

etringkA in datalac, # 'WOO' * copy( Ieganam, 1.Z2) #4 ry
elso

If coipy~leaenom,11,2) *'AN' then
etrlreld :a daetaon 'AM'N + copy(llmigernms7,2) * '.rng'

elsa
If coyma(naonam.1.2) - 'At' then

etrii.26 i- Statolv + 'A0' 4 copylimeanaw4,T,Z * Irg
else

if IC oPlopyinonn.1.2) 'D 'P) aid
(copy( lmsenim,3,2 1 '26') OR (copy(laegNaqm,3,2) * 27')) then

atring26 in deatainc * IFIO - c9pylieegenuu,V,2) + I'V * .ii'

if ( O copyl~lee n1,2) * 'PD') end
ccopyfieesena.,3.2) - '111) OR (Copy( ifmregn. 3, 2) - '121)) than

etringlA is- detainc # 'FTC' * bpyllmgerNa,7,2) 0 2' * ,M

eta.

if cayieei -~ 111I1L' then
etriogid dtin 4aoo -tlL *11. copy(tifigonloa,7,2) + 'mrg';

ealsgn(inflia, atrIneDA);
reaet(lnfilie);
for I I. I to 76 CID

far J t' I to rope'i do readitinflle, junk);
far I i. rngras dwsita I do
far j io I to nrqco do raadtiofile, ranerseai, j));

Moseel nfl is):

......a . .a .f.e e.en........ ...ee....... ... ~ e.s... ........s....

fuaction *otjenee(reai iInteger,

cat IInteger;
Imgqtnne 1 iseatnrwa) :Integer;

(COitAl~t CHEAP FIN TO FILTER OUT BAD RANGE DATA)
war

naewo i Integer;
teat iInteger;

bagin
nesicol in rfundtcai / 10,0);
if (rascal 4 I) then'

eiot If (newel 17) then

set-raona in arneas roe, neacal);
test in rauwaclrom. newel);

If I I lcopviimesanm'eIl2 a 'To,) or (copy( iiiagamlW1,2) *yl

and iteet . ?00) ) than
so~at range2000; ('--FIX TO FILTEROU BL AD RANtE DATA ICA TPO)

end;
..................... ......................
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procettire find botatdevar 1tWta3& I integer:
var w~mend Intnver) OCCMNOK 3 or 5

.rqr * 29000;

war
Ij Intsege;
done i booloan;

begin
doew is FALlS;
Is1; J 1- 70;

whll.emotcldon) do

1 If trRAMOI( I * J, iegernh) 4 upper then
beg in

done t- true;

iI-a I * I;

lorw t. ?ALI[;
I 1- 3s4; J S.70;
white Widense) do

begin
it 0tT1A1061iI J, Imegerrag) lower then

beegin

.1w 1. true;

I I 1

If igibetid 9 47 then~ uphotid :-47

It lowsimid 33% thenr Loeebasi1- 335;
end;

......................................... .. .....

preeaclre flindbaucss ypg( Ui real;
ofl real;

var l owtbotl; intteger;

var upbound i ainege9r;

losgettnat lacles nvole);
(detemlatee revue limIts of processed Imagery to be epplied
for YUMtA Die/hal)

contte

loser * 3001

upe 290001
type

date~paIr * record
asm Integer;

ver
1,1i Iinteger;
Lppr dore a bueleerr;
rIdge arraydt..311 of dataepalr;
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bottom, reall CCDPANGE 4 or 5

b"Im

ridgerljaz I- 160 ridgel~l.sL i. 92.6.1
rild.3e 3:.s is 1 W rldislel I- 927;l
rjd2#(Ij.&~z 1 164 r *@9dg.14.1 1- 92.6;
ridge.SI a:a 166 I" riclips[5 t 1. 92-.6:
rildleCMha 1- 168 1`11121161-111 1- 92.6:
ridife0r2.st a. 170 rldpl(?).Pl 1- 92.5;
ridieg.C ia t. 172 :rldgeCi).St 1- 92.5;
t~dilepi~s t: a 114 ;rides[93.1l 1-92,51'

rildloo(1.2. a.1'6M rg(0.e .2
rldil.el12.alt .17180 d(I.e 21
ridg.1112.az 1-111112 I21eL3911

MWIdge1l4lz.184 IO ridge(l41.41 1.911.7;

rldso[161.0 ail.110 I rildg.(16ti. 1691.1;
ridgii(III.es 1.19,1 1 ricg117.@ 1.91.9;
ridiptflil "c 1-192 1 riiIIIeII.I .1 92.1;
rispIde.C19 1- 194 1rldg@1192 .0 11-92-1.1
ridg.C203.es 1-196 1ridge(l2l3eL 1191.-9i
ridgeC[l2.es t-191 Iridgetl1l.1.! 1.92.11;
ridg.1222.& a 290 j ridldjC2l 1092.01
rldip.i232.ex 1-202 aridge[231.61 IN91.61
rldgelleg4l.aa 1-204 arilos.243.01 1-91-91
ridgclife I~e 1-206 ridge(253,eL 1.91.7t
ridgetlOl~ai 1206 rlde.C261.*L 1-91.5;
rI."eC27ba.02 I O ridgeC273.eL a-91.3;
r1deetllO;,a -2`12 :rldee#lI).61 1-91.0;
rld.I292,aa 1.2114 aridge.291.eL 1-91.1;
ridget3O .vl 1: a234 ;ridjeSOl .01 t.97.0;
H491031a.81 1-236 arld9#,C1i41i 1.97.0;

il~obU 1-1

LwedoeeW I- W2ll;
I 1- 11"
while r~dgeU2).svqround(.z) do livIOla
bbottom i ridgetil ml;
I t. 1; 1 1- 288;
while nthauppe.rdon) do

begIin
If GclANGEla, j, lmew lprthen

begin

-pon t- i
upper dons ia.rm

I is I *

If ILO4Jld44? then 4obound i. 471
if iaowbo"P335 thema towb6eeaadail3;

owl;

procedure iraltalindowslvr windows i winow~array);

I:Integer;

begin8
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Unit Ccfleecrc; CCDNETRC I p1

interface

crt,

lcdut I I a
ccd ra"'e

con's
hlosesize o 16383;

type
filatoptr * hilstogrwi;
hlf etogr * record

bins :erray f 8100-.8192) of leisgint;

tProcedure centraustvmr blsot t Icistupir;
Lotl~iou i integer;

fUib~sad ;Integer:
aget lagoserray;

windows i lielow array;
var eons~m i t vileooarray;

fires tgt i targetjzsr
imaerteimn latgs ~nese);

prcocdure corttst2aoszvr Mato hietoptr;

var cent lug vldec~array:
linagenonte lasgersaes);

Procedure contreet3ivar husts i hisosptr;

I owbotrl integer;

Iaqe leageerray;

w Indow, window erray;
var comtsoeq i videqesrray;

imoseinoe leetge naisel;

Procedure comtreait4ivr Iutsii t fciesopir;

I owbouot Integer;
upbound Integer;

iMage leageerray;
. i tOwe windlow array;

oar rentjsq video array;
Iffigtaenaf inagenmi);

I"taetor OtP( value real;

511550 fiehtoptri reoi;

fueet ior, *tIEIfViLEtear bints blastptr;

percenttreatli: inteper;
f..st iton OLV-Cifidark integer;

vies GLVptr) reel;
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procedure kLpdit#-t~r@Qtst 4Cr tatgetowindows tgtoarroy;
vet PAuet-tot Integer; CCDHETRC 4 OF 13

w I ndoii witdose roe;

00ir~tagor;

var
j, integer;

top Integer;

begin
top to ro . windowovoie;
for I I- to numa tgo tdo

if Ctarget~windew9Ioiyl 4 top) then
begin

for J I to MAr ortst I do
tariet..indowsCII to targot olnotdowtj 4 *

eNW;

end;

vor
I, J, it. t I integer,
roa~tits Integer;

targetelndows I tgtaprray,
gridsize a word,

videogila : ord,
videasizek t word;

accowolrawr I Iortglnt;
occullutli I lorteint;
ruspiRe io zinteger;
Maonironer rest:
4116orwtetr I rest;
CCDConiroot : integer;
offset IInteger;

rlqeg : InMteger;
window windooreoc;
Lowrange. Integer:
upronett I Integer:
currots I tgt-lie%;
coroopee. arrayll. .71; of workptr;

procede 1 booilean;
top :Integer;
bottin I Integr;
Left t Integer,
right tinteger;

Itbo I ! Iitegr;
tOsetop integer;
toupbot t i nteger;
clttiowintigo Integer;
currClt~tgl integeor;
xcur, ycur tbtyte;

scurZ, ycur2 I te;
XcI~r3, ycur3 bwe;

begin
for I :- to ?I do

rnew(workspaetilI);
for I to 519 to 5192 do
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h IStotbIrto CI t 0;

mwhg.tqt.jdtdowsifjr~tlttgt. targeteindows, ,nnýtgts); CCD?4ETRtC 5 OF 12

ggrt~targot*glta rget~wyIfd~otd, tar Iltgt);
gridele*i sizeof(datospacal;
grid.)!. to trueictgridoio# / 2);
range :. get reiige(ptvutnd. left jwik, leugens);
gti~ wInd"wi(range, windlowsi lowrange, uprengo, window);

wrlte(oiutpft, Istoring law 1);
xrurS :a Stereo;
ycuri t. wterey;

top x-uimitgtd - indow.vsize 2;Z.
btettom tatp . T0;

to$ I I-top to bottom do
begin

gatoxycocurS, ycur3);

wri1.(gfutwit, fI;
evieegtomu( i rage (il, ptritehuge~eorkspIC*(I top *11), rildsiztl;

eind;
writelnloutpjit);

offeat wisendow.voilte 4 3;
(giflls) nit;

eritefoijtpfit, 'pracesairl, Noe ');
jour f* whereo;,
your t. iiihrey;
Wit ie t -- Lotcord) do
begin

Sogoxytxcur, ytcuri;
erite(witp.Jt, k, Ioffset 4, offset, Catur

sour2 t- whorex;

your2 t- sifirey;
check~target~k, wirdow, kgtilt, n,,, tgts, targetal~ndoett;
range toget~rangalt, (left_ (rib * wirdoe.hisioe * 1), frmagen..el);

It (range - Lohitatggl or Ifango q Wrangal then

get airucloetrange, windows, loerronge, iprange, winrdoa):

I t lf isftajv 4 eirdog.fusioe;

Alito (I *- (tmowe - rfgfttjuil, eindoh,.holoei) do
begin

precede t- true;
ourrtgt atgtt ilt;
left t I- aindoaheisie;

right tk I * lridaw.fhsta:o
top i-k wi..Yis~giet;
bootstom: k . etraioa.vloa;

while courrtgt'.rwot a' nil; do
taegin

ogrreat~tgt t- ourrst~ttriaa;
erlteln(Wutput, ourrait~tst, ',curriltgttria);

If ((target alndownloUrrent tgtj *e2 I- left; and Iterget_.irdaoalourreit~tgtl .o2 *.right)), then

precede t. fsle@;
If (ttarget~wiraowialcurreit~tgtl.xi -.eft) and itsrget~w'idowalcurreitjtg1.x1' right)) the,,

precede : lots@;

If ((target~alndoaaicurrerittgtl vI - top) arid itargetaindowt[citrieft..tgtl .yI bottomi)) then

precede t' false;
If ((target wlndowsisurrent _tgtl.y? 'a twot) and Ctargetw, dowwl[current _tlt I.y2 '.buttul)) then

proceal. s. false;
eorrltgto iS orrtgttneet

etm;
If precede then
beg in
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eccmouter 1- 0; CCDMETRC 6 OF 13
rupfaei :' 0;
rWVr . ' gt..rang.Ck, I, Imagonaeow);
if (range c loworrgo) or (rang. 0 IaporngO) then

Vot wfndow(rsnge. wirodows, lowrarioc, Lgirenge. window);

*otooyixcur2, ycurZi;

arita(outputi, 1, 1 3(2E1, '. iroow.hsioe. 02 ',IZ alrlowavoie,
,icur3 whar..;
yeur3 wheray;

if (offset afwndloa.nvoi 4 1) then

sepottol :- kt - wfndoa.vaioe -i;
atupop - it - aindlwtvuf so;
for onpi is teo~ottom to teeptop do
btegi n

gotoxy(teturl, yturil);
wfndeieindfl I- teepi -teoabottos - 1;
oritaioutPut, te4WI' windowifrdeo);

mwnot leseflasf) *ptrtoofrgeisoritopacuiwfndowirwseol), gridaizo):

offset to afrdowo.vaita o 1;

for f I (offset - afinowavo ie) to (offset * wlrrdoi.vsloe) do

begn
gotoxytocurl, ycur3);*

ritocutpuo. i);
for j .loft to right do
begin

acetsmutor Is sccuouitsr * oritspace(i~tdatalj);
maoqoleL : neupioel * 1;

acctairror is 0:
for I t. (offset -triterewindoo.yslfi / 2)) to (offset *tur-rc(Idfros.vsioo M e do

for J to (L - trune(window.fisioe / 2)) to it * trunxw~ioindo.haioo 2)1 do
accuioe is eccusairoer + woritapacel~iP datoiji;

awutr i.accwtuuter -accumirvir;

rseisa i'roeio W (irodownasIze * window.froImI#;
beanrotr acusirer (wfindow. voi wirdow.hsize);

wernujter I- 5ecuwu4t01 / rouepiooI;
tCD-ogoraset 1. Imozi(senosjtar - vwianirvr),
hiiato^.birustCMcontrast) .-hfotot.binsltDcsntraat) *i;
h~otot.bfnufgi92) is frIoto^.bIrgclh2l * 1:

end;
t'I I * 2;

If (offset -- 36) thean
begin

for r'i I to ?t do
voritspace1j( :- orkspactot * 1);

mvevatums(tmagoi. ptrtohuoeiasritsp~eco(Ti) , gridvioc);

offset r* offset * I
It is It * 2;

rode. rrgetctagot indwsrjr-tgts, window, kt);

ritoint out put 2;
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procedure contr&otZ(vr hist. histoptr;

IOwbourd Integer;
upbourod Integer;

Image 2 imagearray;

windows 2 windoaarray;
vsr cretin i video~atray;

im:ges 2 ige nh);

const

skip * 2:

type
tgthido * record

si t Integer;
yl : integer;
Q2 Integer;
y•Z integer;

eed;

tvt array n srray(1..20, of tgtyitrdow;
wtrkptr - ^cbateaslece;
datespece - record

date i strayti..1024. of Integer;

tit-list - totList-roc;
tvt fist rec - record

rum : integer;
next I tgt list;

atnd

war
1. J, k, I integer;

ftitgts 1integer;
iriduie word;

videoslias 2 word;
v•lelseilek i word;
secuhtc inre- 2 iseeglnt;
Occimutor t lngint;
tLojpiai• I integer;
100estInter : reat;
mesnotor t rest;
C-Contraot t Integer;
offset integer;
rbnge : Integer;

wimdow i winow ijc:
t0ivrlWge i Integer;
WrW % intgtlr;

Currtpt I ttitlsit;
eorkepice t array[l..911 of workptr;

prcedre : botemn;
top z integer;
bottom ; integer;
left i integer;

right : integer;
tempi 2 integer;

tmptoap r integer;
teso•bttm : integer;
ereidatindeA. I integer;

cuwrolmttgt Integer;
sour, your 2 byte;
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xcur3, yoor3 : Ityt CCDMETRC 8 OF 13

for 1 1. 1 to 91 do net4Cworkspo.c:*C2;;
far I !..8100 to 8192 do hlstoý.blnsf [I ! 0;

gridait. I- $11100f(dittASP.CPL;
gridait. IF trutcigriditii@ . 21:
range I- got r"@(u.Ctb0IWýld eft-Jurb, imegetvem);
get t-window~ritge, Aindow , io.irarige, uprange, window);

ycurS IF tsore'y;
top t. upbosmd - indow.votize - 2;
botto, to top * 90;
for ,IF totp to bottom do .ow~mtimCme gemo l), ptrtolhugeiaorksp.~ce - top * C), gridoizo);

ycur IF yies;
U!0 is '4MM d

gtoxy~mcur, yourl:
writ (eoutput, k):
Penn. ogtraglk olft juw* 4 windowcthoi~ 1), Imegenaou);
If (range t icararve) or Crerv - uprentto) than gotw eindow( range, windiows, towrange, uprango, wind~ow);
I I- left JtUM - wittiow.1151ii#
white (L iv. (roimol - right jw* - window.heize)) do
begin

left to C wirdowohelo.;
right .- I w inclow.hiile:
top IIto - airtlowvoiZe;
bottom IIto h * itlou.veize:
accumoutar IF0

ritmplital t- 0;
range to get rango~k, C, lawigoeramei
If Crange to Corng.) or Crange o uprange) thten getwIngoe~rsn9#, windowus, toturang., urangs, wirviw;;
if (offset winrdow.valii# % 1) then
begin

ItoeFhttumi I- k - wirtlow.viize - 1
teoptolo IIto -* arr.vutize;
fn. *wi to t4MtOttom to *Iortoo do Somtve.0tmi~nqojtamniC,

ptrtoi-.uqoiaorkspecotwindooi.t4*l)ol gridlizoi;
off..t !- aI~tlo-oize - 1;

for t IFCoffset -wirkdo-volze) to (offset # altloo~voijit uo
for j :- Llet to right do
begin

accumotor o aoccuouter * workspseeCilj.dataCJl;
numpoixe I- mxj~ixvi * 1;

accuminer it 0:

for I to Coffset truEt.l.oloou.voIiz / 2C; to (of fset * tr,,icwiwtroou.valt 10 2)) do
for ) to CI- ttwCCwi Wow~isize / 2)) to C1 0 troaictwindooo.hmsli / 2)) do

accu'tirier :- accmtrWewr # worLspace HI .dataC;W
accumouter t. accumuter - accmirvter:
roptxeC i0 numpixtL - (ttdoou.valie * windoo.trsils)
wonirvner is accusinvoer / (eindoa.vuize * olriow.hosltet;
isoancuter !m accu.iouter I rampltiee;
CMctonrtrest to rouaidimearmejter -meanirvteri;
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if Cc~cvcontrast>8191) than Co-coritras:t;.bl; CCVXETRC 9 OF 13
11 (CCD~cotr5sa

8
lCAI0 thy, CM-cntrast:.-6iO;

hIsto^.bInl5ICCD_~tr~s~tI: histo'.bintCCVContrsxtt + J;

hlsto^.binlf8I92) I- hIt I %*.bins (0192) - 1;
I -I - skip;

end;
if (offlset 46d)

then
begin

for J I to 89 do workspacgtp :* worksplctij - skip);
move. m,qcws~vg9(k+d'), ptrtohugsisork~p.ae90I); grid-!Ws;
M~vvqxtmiufleaqgtlk#45I. ptrtoliog*(workspsc@(91I), gridsile);

els* offset 1.offset . skip;
k ;. k -skip;

procedlurs co.,trest3ioar hato histsptr;
iowbbouJn Integer,

upoid Intoger;
Image i Ismgeaorray;

lrdsiwindows v stowaray;
var cgnt_1timg video array;

I oissneetI I "ge-nrtti;

skip - 2;

var

,Jlb, ib LInteger,

Mtistots iInteger;

gridalis word;
vidsomil. word,
videot1l#k word:

aceteninner iongint;

nuioptos Integer;
meni nnrser :reai;
smacnuter rsat,

CNCb~ontr,tl Integer;
rang. Integer;

to5w*flgv 1Integer;

04prafle Integer;

top Integgr;
bottom Integer;
left Integer;
right rInteger;

lamtptop Intiger;

tI Os"i t or Integer;

xcur, ytur by:.;
sorkrow work.row;

for I .*-l10 to 819? do hlgtovbinstii :I U;

gr~diddo alglootweokrow);
siridelit: rriri.i )
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ridow(rangeO windav,g lowrong., uprange, window);

0rlOC'jt put, 'PrGcossing NOW ) CCDME1TRC 10 OF 13
ocur towhre
ysur ohe A*ty;

i .urývd;

btgin
lotoylu, ycur~),

orlao.tpiit, it;
POWp ItIttrongoal, (tloft jwnk - wiridow.hgiz. - 1). Imosena..);
if (rang. - touaning.) or (rang. 0 -iprngoL then get~alindocwrang, windows., lowrongo, 14,ronge, window~);
1 ~. iofi 1(5* + wirmldoa.holto.
who it (j 4 trusI right~jn wX inlow.hizoIe)) do

begin
range :- got~rongvCi,j, imagenemeI;
if (r~nve 4 Laoerongo) or (rang. ý wronge) them get wlIndow~frang,, wintdows, toiwromig, Lr~ange, window);
left to ewidow.hlsio;
right j 4 wi 1, ouhize;

top i. wi adow.is~te;
bottom I- * window.ewize;

for lb to top to bottom do
begin

oovo~otoeC mgoEilb,ptrtdougo(.ddrtworkrow)),grldatao);
for jb i- Loft to right do

beg',
ocetoodutor to ccUImoter - workrolwCjb]

OCacwirwboir to 0;
for lb to ~it trunc(windouoolla / 2)) to 6I+ trucerelwnowi.vulto. do

begin

m~oeONtmemt imog (ib], ,ptritolbuge~ddrcaorkroL)) ,grids I to);
for Ito :0 (j trýwcelndow.hszo. / 2)) to (j + trumCaindoa.haits/ ) do
scitwilra or aceuwlrinnr . workrowljbl;

aftu!O~ter :a occuvi4tor a cc-nrwrr;
uNpaixuo. to rur~ipixi Coinclowoalo. * window.helao);

:6inanorr to ccwumre~r wi andoaa.vaile 4 wiridow.isolze):
onnouter -- src.~tor /n~mvixot:

CCD contrest : round~monrnouttr - earbirner),
If (=COwotrAatPbI9li than CCDcntraat~u8i91:

if (CCDcontreai.'g100) than CCD~contraat:.S1Gi0;
histo^.blnoLCCD-contrastt h-hista.biinsjCPteontrost) i:1
histo'.biMn1921 to hlato'.bima(5192) - 1;
j ! j * skip; (eoti~w skip)

i to i skip; (raw skip)

end;

...... .................... .................... ................................................................ )
procedure c~ntroswva4r histo hiatoptr,

lobud integer;
ulomul integer;

imago isma*_rray,
waI do., wInglowArray;

var cant law videooarray;

imaegow iwagwnub);
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cows 2
ship * 3; CCDMETRC 11 OP A

var
I, J, lb, 11b integer;
rwoetgts integer;
gridalo. : word;

vldecislit word;

vldeosliek word;

anweluoner l ornglnt;

acctseutar loniglnt;
numpix*l integer;
innerploets Integer;

oujterptiteLa integer;

ma~nlivur Ireal;

Meaboter real;
C~Ce-ntramt Integer;
range Integer:

wIndcow elrdow~ret

lowirsnge Integer;

upreigg Integer;
top :Integer;

bottom Integer:
left integer;
right z Integer:

tempt integer;
temptop Integer,

tempbotlwm Integer;
wlrejowielnd integer;
ocur, your byte;
workrow work row;

twegInF
fo- I :o -8100 to 8192 do hlatot~bln,;l t 0;
gridslo. it eliaofolorkrow);
grlcloize is trwnctgridwize / 2);
rangeto gvet-rangglietbo.Jtd, left-Junk, loagenina);

getalindowlrenge wirndotws, losrange, upronge, wirdow);
wrltelouyput, 'Processing Now 1);
xtur t- wherex;
ycur it werey;

while 0I nt lewbcounI do
beg in

gotooylxtUr, vcurI;
arltelgutput, 1);

range segel~rsngWl I *I lttjuk # alrdowbhel 0* 1 ), laageneeme),
If (range a losrangel or (range, e tpr4tre) then get alndow~renge, windows, Lowienge, uprange, window);

lei IftJwtk * elrlowAsiaze;
white (j %-. trwaol -righttjutk alrelowahol ts do
begin

range isgtrngl11 Imagenweme):
if (range t iaaraingo) or (range * uprangel then get wlrdowirange, alrwiows, Iowrange. ugirenge, w~rotool;

left ts alndow~heize;

right I andgi.hzilte
top :- t letja valoe;
bottom !v I * agrdoloveloe;
Accuemouter it 0;
rnp.eile :. 0;
11b :-top;
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whit# Clb-.botto.) do CCnMETRC 12 OF 13
begin

inaveextIMNC I MIS(Ib] .Ptrtobug*(addr (work raw)), gr~doiiz:)
ib I- Left;
while (Jb'.right) do

beg in
&CCL~hoter :a Mccumuter 4 workraaljb);
ntmpl~ t o oleL -.iuia i;

ib:- )b - skip;

lb!- lb skip;
and;

secctineI* .0
Iuvterpixeist. 0;
lb t- I -t mx wcindowi. vsi ze2):
witie Cib4.(i4 trunscaindssd.vsIz. / 2))) do

begin

moveextonsi.Cimos 0bI,ptrtoiiuqsCsddr(workroid)), gridsIts);

whil. (Jbq-CJ +truncIiwidows.ihlze / 2M) do
begin
ecaninnver t- acciatrywer * sorksaaCJbl:
Irvunpiceis:. Inmerpiuels

lb z- lb + skip,
Wid;

ib i- lb * skip;

"C end;ter to saccJter - ccuainvwr;
.oiermpix eis: nivpixetinIrarpixets;

seenhivir :: ac LUiainer I iI'arp::iiw
010naeo.ttr :. CCLimt~r / aterpis;
CMDcoutrast to rouCmnd cse-4ter meani mar);
If' (CMcocntrsstk419i) theni CCD~contrsst:.8I9I;
if (CM~contrasti-11l00) then CCDrcontrast:.*8i00;

fitiat.b1rimCCI)coritrest) ta histoa.hML~CCDcontrest] 9
hisito'.blnsI819.3 z- bhito~binaCII921 - 1;

to I- j skip; (colimn skip)

I I - skip; (row skip)

end,;

function CIPC vsLLue reel,
hilato i hisiopmr) : real;

(for contrast histogram oily)

Voaccum loneint;
twa rest:
I integer;

for I :a -6100 to raouadivsiut do accue ?m aCCUM 4 hluto*.blnatil;

GTP :o accL& J histo~binsW1592);
end;

funct ion FINCCEThLE~var hista i hilo~topr;

percent trest): Integer;

st op-at: mert
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I integer;

Ic .i •nt: CCDMETRC 13 OF 13
begin

stop.at I- roud(p.rcent-int(histeo.binsC8192]));
Accui ;: 0:

I :- .8100;
whlt I (accuwstop at) do

DInin

accup 1. ac¢u - histobini(Ij;

PERCENITILE I,
and; (parcentitq)

liuntiln CLV GTFCW lrk - Integer;
hist s GLVptr) t reaL;

(C¢NqJtal GTP of darkest pixet on target)
VII.

acc~es largint;
t zp I rest;
I s Intqer;

acctu 1- 0;
for I in 0 to dark do accLn t. aocs * hist-.blrnl[i];
t a. r- accum I ht^.blMn[(6300];

GLVGYP 1, 1.0 tap;

arnd;
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unit CCDCCtPT; (not working, clutter values eltdlv whicti just cannot be) CCDCOMPT 1 OF 4

interface

crt,
cc&Lt iti,
cedrange,
tpextmai;

W410e - 0.0001)1.;
dim - 16.0;

S...................... •.............................,.........)

procedure comlut@treyWold( image Imuge-array;
var clutter i real;
var reynold t real;

itd.ev i reel);

procedure cinpJte reymlnod2( I=mg. imp.aorray;
u n I Integer;

I obboncl i Integer;
var clutter i real;
var ronesld I reel;

stoddev i real);
....... .... ................. ......................... )

implementat ion
............................................................................... )

procedure cmputereynold1 Image i lmageeorry;

var clutter : root;

var reynold i test;
itd d•v i real);

type sqrrelI array a array 11-,50, 1-501 of real;

type sqrint.array a array 11.50, 1..501 of Integer;

var site pie I reel;

width : Integer;

mxrg t Integer;

"edecel I Integer;

relidual ! Integer;

raw skIp i Integer;

col skip I integer;
reaw.qr : Integer;

cotabr i Integer;

first -roa i nteer;

ilAt-row Integer;

firat col Integer;

i t col integer;

iJ - Integemr;

grindece t word;

aqraim. sqrlnt array;
sqr €clJtter s Iqrrenl_rray;

work I ork -row:

e. b, c i real;

amlwear : real;

acuI I real;

rane integer;
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begin 'CCDCOhIPT 2 OF 4

rane -- get renq*elt2,28$);
oilt~pjtis Wv~o - anal.;
width truýcl dim / siojqpiot;
mar00 ro*.,row div width;
residual is nroass mosd width;
tow skip isresidual div 2:
silacoL 1. rhimok div width;
retidual is nwinol Ned width;
coliskip t. resiclsI LIN 2;
giriduite I- slitooiiork);
gridoile %-truiatgridsize/2);

for I is, i to 50 do
for j I. I to 50 so

begin
ouresusti,Jl 0;
64rziottertjt ;. 0

row aqr :- 1;
eoiseqr 1- 1;
first row s- I - row skIp;
idst row I- width # rau~siip;

for i I first-row to lattrow do

Msvfeot~owmslagetit ,Ptrtirael6e~brlworki ),grids Ibo,;
first aot I. 1 . ol skip;
iast cot .s width - coi skip;
repeast

far j I- first coi to asxt to. do
6qr_1uGLrow_&qr,cok~sqrt is sqr...sn row..str, cat sqr] * orktii:

first col t- first aol - widt-;
Laslt-Col is lest cot * width;
aoiesqr :- colsqr . 1,

LavtilI catSqr D .inca L

col aqr is 1;

ctawlast-I raw '-ts-o width;
raw_#qr to row sqr 4

until( rawsaqr 0 msetrow I

row agr 1- 1;
calsisr t- 1:

first --row is I + row skip;
lest row :-width - ro._skip;
repeat
for I t first-row to last row do
begin

firetasi t- I - .aiskip;

west-Lot 1. width * coi ship;
repast

for j -first tal to laster,. do
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CCDCOMPT 4 (OF 4

byte dat Ibyttecarritr;
rest-dat ireal carrIer;
81a0yix rest;

width frinteger;
vart-bGROS iInteger;
itoria~boxes :Integer;
residual iInteger:
rowxstart t Inrteger:
cal-start integ~er;
i.J,ib,Jb,k,kbr integer;
"MCUM : rest;
range i Integer,
work eawrk~row;
Irldsite word,

bgnrange J. get range(192,2411; (baedr aor center Image range)
ispittI ta range I angle; (minAklM IN~ pla Oiz in umeter&)
width to trierct dim / aiae..Pig): (pixel dimensinr of unrit box)

vsrt~b*os ia (towbounid-utiorund div widthr; (Member of boxes in vertical directiaon)
row-start I- sgM ou
Itoriabsegeg I- ir'uea-right Jte*3 div width; (aar of booes in harieceatmi direction)
aol astrt 1- 1;
grldeiza Ir Saloof(ilalhli
Oridsliz t. trunctoridaite/2);

(Compte and stare variance of teach box)
*Oi0 (boa courter)

for it-] tx vert boxts do (boxes In vertical)

for jira to itoriz boxes do bOnset In horizontal)
beg in
kbi-Q; (yioeL counter In box)
(load carrier array end compute box espariace)
for ibr.((Il.)*width-rorwgtart) to fidwidth~rooastarti dx

begin
moveeooeeet image itl aptrtonulteaddr(work)),orIds it#),
for JbivttliWeldth~col..eatrtl to t)&width) do

legin

byte-dattlitb) z- workiljbl;

and;
end:

byttedatOli.kb; (pixelv in box)
real dlatik) l- VARlINCEbbyt6_dot),

rael~dat WI ~ltaIntb;
for krtl to riea~ree~I~dst 101) do cesacuridtl;
clutter to sqrtIsccuw/r.atldetIOl).
raymiod is (atd~dex ciu~tr)/6td~dev;

end;
........................................................... I

an..
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Terrain Attribute and Scenario
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SCENARIO TERRAIN SCENE FEAIUR,: C01POSITION TI RRAIN

VISIIED AZIMUTI ELEVATION RANGE GRASS MAN MADE SOIL R0'0, TREE WATER MOUNTAIN SKY POLYGONS TYPES EDGI

SITE (DEGREES) (DEGREES) (METERS) (PERCENT) (PERCENT) (PERCENT) (PERCENT) (PERCENT) (PkRCENT) (PERCENT) (PERCiNTI (NUMBER) (NUMBER) (UEGRI

APO 37.00 91.17 560 71.79 4.12 0.00 7.78 5.13 7.83 0.00 3.36 20 6 32.

APO 39.50 91.17 550 61.37 0.28 0.00 2.76 28.39 7.20 0.00 0.00 14 5 18.

APO 42.00 91.17 560 65.72 0.55 0.00 1.16 26.55 5.92 O.0O 0.10 13 6 15.;

APO 44.50 91.17 550 ".6.67 1.10 0.71 0.00 23.24 8.04 0.00 0.24 29 6 28.1

APO 47.00 91.17 560 64.45 1.39 2.36 0.00 10.03 21.77 0.00 0.00 24 5 25.:

APO 49.50 91.17 550 66.84 0.82 1.15 2.06 12.86 15.99 0.00 0.28 24 7 23.:

APO 52.00 91.17 ,550 65.96 0.76 0.68 1.40 9.53 21.17 0.00 0.49 31 7 31.

APG 54.50 91.17 560 70.76 0.32 0.75 1.51 1.53 1.14 0.00 1.98 14 7 26.1

APG 57.00 91.17 550 73.98 0.15 0.31 1.01 9.38 13.09 0.00 2.08 18 7 27.

APO 59.50 91.17 550 74.35 0.48 0.00 1.31 9.06 "13.09 0.00 1,X1 22 6 29.1

APO 62.00 91.17 550 81.37 0.22 0.00 1.31 9.48 6.08 0.00 1.54 19 6 26.:

APG 64.50 91.17 550 84.67 0.00 0.00 1.23 7.09 3.46 0.00 3.56 8 5 17.1

APG 67.00 91.17 550 82.97 0.00 0.00 1.31 2.17 4.93 0.00 8.62 11 5 20.i

APO 69.50 91.1? 550 83.74 0.00 0.00 1.39 2.14 6.34 0.00 6.38 8 5 19,

AP6- 72.00 91.17 560 75.54 3.0? 0.00 4.79 3.51 7.6? 0.00 5.42 12 6 25."

APO 74.50 91.17 560 T7.31 0.16 0.00 7.05 3.46 7.82 0.00 4.15 14 6 2,6.

APO 77.00 91.17 560 71.79 4.12 0.00 ?.78 5.13 7.63A 0.00 3.36 20 6 32.;

APO 79.50 91.17 550 77.93 0.00 0.00 3.85 5.74 8.90 0.00 3.58 12 5 22.2

APO' 82.00 91.17 550 58.76 1.17 0.00 20.26 17.06 2.14 0.00 0.61 19 6 101!

APG 64.50 91.17 560 63.25 7.45 0.00 1?,14 8,52 8.11 0.00 0.53 22 6 ?6.!

APO 87.00 91.17 560 77.42 0.00 0.00 0.00 10.99 9.45 0.00 2.13 9 4 13.,

APG 89.50 91.17 560 46.83 0.00 0.00 7.90 42,60 7.11 0.00 0.57 9 5 13.

APR 2971.83 90.75 500 70.56 0.00 0.00 0.00 19.37 0.00 0.00 10.07 3 3 5J .

APH 300.33 90.75 480 69.59 0.0? 0.00 3.55 22,48 0.00 0.00 4.3? 6 5 14.

APH 302.83 90.75 510 62.55 0.45 0.00 7.76 19.78 0.00 0.00 9.47 13 5 17.

APH 305.33 90.73 610 69.64 0.10 0.00 5,89 15,79 0.00 0.00 5.58 a 5 11J.4

APH 307.83 90.75 780 67.30 0.00 0,00 7.47 18,16 0.00 0.00 7.08 9 4 211.

APH 310.33 90.75 820 72.09 0.1.1 0.00 4.06 17.23 0.00 0.00 6.49 9 5 15.

APH 312.83 90.75 780 73.75 0.10 0.00 1.15 15,78. 0.00 0.00 9.22 7 5 12,1

APH 315.33 90.775 760 73.77 0.13 0.00 0.99 13,43 0.00 0.00 11.69 9 5 14,

APH 317.83 90.75 160 75.81 0.77 0.00 2.11 9.71 0.00 0.00 12.03 12 5 21.,

APH 320.33 90.75 N40 74.17 0.00 0.00 2.85 9.02 0.00 0.00 13.96 6 4 15..

APH 322.83 90.75 710 52.68 0.4? 0.00 4.10 32.82 0.00 0.00 9.73 6 % 10.1

FGL 95.00 91.50 340 37.59 0.86 0.00 0.00 61.55 0.00 0.00 0.00 3 3 4.1

EGL 97.50 91.50 340 42.45 0.90 0.00 0.00 56.66 0.00 0.00 0.00 5 3 .;

CGL 100.00 91.50 340 56.68 0.79 0,00 0,00 42.52 0.00 0.00 0.00 6 3 1?,.

EGL 102.50 91.50 340 68,46 0.55 0.00 0.00 31,00 0.00 0,00 0,00 9 3 13.1

EGL 105.00 91.50 340 66.3? 1.06 0.00 0.114 31.73 0.00 0.00 0,00 1i5 f. 19.1

EGL 101.50 91.50 340 73.07 0.5? 0.00 0.611 25.74 0.00 0.00 0,00 15 4 18.1

EQL 110.00 91.30 340 77.66 0.56 0.9? 0.56 20,29 0.00 0.00 0.00 14 5 in.

EOL 112.50 91.50 340 69.20 0.24 7.64 0.40 22.52 0.00 0.00 0.00 16 5 21.

EGL 115.00 91.50 340 76.46 0.00 0.00 0.00 23.54 0.00 0.00 0.00 2 1l1.

ErL 117.50 91.50 340 79.25 0.44 0.00 0.00 20,17 0.00 0.00 0.15 12 4 1.1.

EGL 120.00 91.50 340 70.57 0.14 0.18 0.00 29.12 0.00 0.00 O.00 4 12.1

EGL 122.50 91.50 340 67.44 2.30 2.53 0.00 26.54 0.00 0.00 1.19 10 5 2D.1

EGL i1li.00 91.50 720 72.7? 0.36 5.!6 0.00 21,72 0.00 0.00 0,00 16 4 It..

EUL 127.50 91.50 ?20 71.51 0.23 1.6? 0,00 26,65 0.00 0.00 0.011 18 4 P.4,.
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TERRAIN GENERIC SPECIFIC EDGE MEASURES

ES) (W MA HAAE MOUNTAIN
SKY POLYGONS TYPES EDGE HARD EDGE VEGEIATION GRASS EDGE EDGE WATER EDGE SOIL EDGE ROAD EDGE TREE EDGE EDGE SKY EDGE

0 PRIN) (NUBER) (NUMER) (DEGREES) (DEGREES) (PERCEN)) (DEGREES) (DEGREES) (DEGREES) (DEGREES) (DEGREES) (DEGREES) tDEGREES) (DEGREES)

3/
6 , 420 6 32.750 7.500 76.92 26.77 2.89 5,62 0.00 21.36 5.30 0.00 2.55

94 0.00 14 5 18.737 5.055 89.76 15.46 1.25 6.71 0.00 7.70 2.52 0.00 OOO
20 0.10 13 6 15.366 5.912 92,27 14.08 1.64 5.97 0.00 5.00 3.27 0.00 0.38

0.24 29 6 28.094 7.512 89,91 22.75 5.05 9.55 0.97 0.00 13.82 0.00 0.53

0 .00 24 5 25.220 11,954 74,48 23.45 5.40 12,78 4.11 0.00 2.93 0.00 0.00

0 0.28 24 7 23,252 ?.611 79.70 21,56 3.31 6.62 2.23 7.65 3.87 0.00 0.99

36 0.49 31 7 31,375 14,002 r'3.49 27.53 4.04 12.?9 1.57 5.38 4,63 0.00 1.37
S. a 14 7 26.051 12,634 79.?9 22.71 1.69 10.47 1.87 5.04 5.15 0.00 2.64

61 2.08 7 27,336 12.538 83.36 23.72 0,90 10.25 1.28 5.00 5.07 0.00 2.56

65 1.1 22 6 29.450 12.399 83.41 26.37 1.98 10.29 0.00 4.70 5$.OR 1.00 2.51
1.54 19 6 26,761 10,329 90.85 23.91 1,15 8.23 0.00 5.00 5,01 0.00 2.44

3..6 * 17.865 7.892 91.76 15.11 0,00 5,04 0.00 5.03 5%1. 0.00 2.85

VI .62 S 20.264 12.579 85.14 15.03 0,00 10.08 0.00 5.00 5.41 0.00 2.50
61 6.13 8 5 19,112 11.591 85.88 14.10 0.00 9.08 0,00 5.01 5.01 0.00 2.51

3.42 12 6 25.998 7,544 79.05 20,48 3.07 5,0? 0,00 15,16 5.03 0.00 2.52
,415 14 6 26,161 7,480 80.83 20.98 0.55 5.02 0.00 15,63 5.11 0.00 2.53

2 ,9,6 20 6 32.750 7.500 76.92 26.12 2,89 5.62 0.00 21,36 5.30 0.00 2.55
-'. S.58 12 5 22.453 7.539 83.67 17.42 0.00 5.00 0.00 13.96 5.04 0.00 2.54

0.61 19 Is 301529 5.024 75.82 24,13 1.09 4.08 0.00 17.53 8.51 0.00 0.94
0.5 22 6 26.723 6.199 71,71 23.52 2,48 5.1? 0.00 13.05 5,72 0.00 1.03
I..13 9 4 13.391 8.632 88,4) 6.61 0,00 6.08 0,00 0.00 9.01 0.00 2.55
u.5 9 5 13.182 2.829 89,43 9,66 0,O0 2.04 0,00 8.66 5.05 0.00 0,79

10,07 3 3 5.557 2.928 89,93 2.63 O,0 0.00 0,00 0.00 5.56 0.00 2.93

4.31 6 5 12.106 2.122 92,01 9.31 0.12 O0O0 0.00 6,26 5-.9 0.00 2.72

9.427 13 5 17.586 2.905 82.33 13.4? 1.18 0.00 0.00 10.55 6.5) 0.Do 2.91

BY 5.Sb 8 5 13.990 2.706 M.4•. 13.06 0.36 0.00 0.00 10.46 5.41 O.OU 2.11V ,08 9 4 20.188 2.750 65.46 17,44 0.00 0,00 0.00 13.61 5.42 0.00 ?.?5
6.49 9 5 I1.389 2.827 89.32 12.13 0.62 ,Ol 0.00 9.38 5.48 0.00 3.16

9.22 7 5 12.299 2.706 89.53 9.59 0.38 0.00 0.00 5.22 5.31 0.00 2.71
11.69 9 5 14.765 2.732 81.20 12.03 0.67 0,00 0.00 5.19 5.34 0.00 2.7T3
4 1.03 12 5 21.493 2.772 85.59 18.72 0.81 0.00 0.00 5.22 5.49 0.00 2.17
11.96 6 4 13.812 2.781 63.19 11,10 0.00 0.00 0.00 4.54 5,39 0.00 2.18

V., 7,1 6 5 10.649 2.8`13 85.50 6.59 1.91 0.00 0.00 3.37 6.59 0,00 2.81

V .00 3 3 4.605 0.000 99.14 ?2,5 2.05 0.00 0.00 0.00 4.61 C.00 0.00
0.00 5 3 7.234 0.000 99,11 5,09 2,14 0.00 0.00 0.00 7.23 0.00 0.00
0o00 6 3 12.89a 01000 99,?0 10,5? 2.73 0.00 0.00 0.00 12.54 0,00 0,00

R9 0 9 3 ¶3.182 0.Out 99.46 113131 2.21 0.00 0.00 0.00 10.4?4 0.00 0.00

2.1 .01 15 4 19.876 0.000 98.10 16,94 5.98 0,00 0.00 1.83 11,85 0.00 0.00
14 ((00 I0 4 18.69 0.000 98.81 18.0% 2.64 0.00 0.00 2.25 9.37 0,00 0.00

01.0o 14 5 18.723 0.000 97,95 18.51 2.61 .000 1.02 2.35 7.75 0.00 0.00
1 0.00 16 5 21.514 0.000 91.12 20.90 1.20 0.0u 4.96 1.66 9.05 (,00 0.00
5 000 A 2 18.512 0.000 100,00 18.51 0.00 0.00 0.00 0.00 8.54 0.00 O.0O
0,15 12 4 18.561 0.398 9",42 17.88 0.56 0.00 0.00 0.00 13.05 0.00 0,40

O. o] 11 4 12.850 0.000 99.69 12.4•1 0.36 0.00 0.62 0.00 12.29 0.00 0,00
1.19 10 5 20.625 2.568 93.98 17.18 3.90 0.00 1.65 0.00 10.81 0,00 2.57
"" ¶O 16 4 14,402 0,000 94.49 9,51 0.16 0.00 8.02 0.00 10,49 0.00 0.00

o 18 4 24.206 0.000 98,16 22.8, 0U88 O.'G 1,53 0.00 15.30 0.00 0.00

13
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Appendix E
Listing of PC-Based Program
for Predicting Metric Class
Values
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*IM~. tdl~h.CCV. C 1 OF 5

"4 ruLie 4fentlh

Ninclids aroodi lMa.c

min(orec,aroY)
lInt arse;
emlr *arty 0;

~It C;
chrier minC(20, lIt-0IN2;
float solar
float airtow
floet reth~u
float Valet

printl(miitw yalta for solar \)

scAnf("%fm,&Aol$?
pilimtf(olnter valuel for alrtwuv W)"l

prlntflalnter vetud for relhux %n");

$,GwI(f6,f&rolhUS )
Vrintqlinter value for VYget M)

print f c .. f\lf \nm\n\nlf\nlkf\fl\fl\nfl\fl\nl~f\nfl\ln"

prinitfONOGE NIikn");

Ifleojar c- I,4000000001-0Z) got* eW1EZ:

else 10to NM(4E;

If(.~ota .. I.53SOUOOOOOOEItJl goto OWES:.
@elt Voto lWW1E;

iftoalrt -- 1.73OOOOOOOl02) goto TNWE1;

@ls* goto INE2t;

lrnf(alt- 9.OOOOOtCW oo f6

Iftrsihuep t. 2.72OOOOOOt~tl) gow OWESl;

@log got* MME1;

E2 Apperldx E Listing of PC-Flasad Program



CCV A LA-U 4-
CCVC 2 OF B

prlntf("SOE C7\n");
lftvmgmt q. 9.65000000001+01i gate 11018;

*ele goat imolS;

"USES:
printlt"MOE 06\n");
iflmeler 4- 4.&hOOOOOFtI*2) gate 1110E5;
*1sm gate, 8089;

80D19t
prlntf(mMSE flýni
IfrmihLom - 6.65000000-008tl gate 180tE6;

*1mg gate 780EV;

peintUC"USE LOI)
If(rmlha c- 4.0500000000101) gate mmiii1;

elm, Nate CIMM11;

prlntf('MWE 0111nW).

If(nlthw -I- 3.5i0000O0POUtO gate TNMCD9;

mame* goat 78110;

peintfelwf 412wn);
Iffaggot A. ?.qOW00000t0¶+0) gate 110113;

oki* gate itmElt;

prirtti("WO 0113\n");
Ifivegt .- 7.7?&OcOODOE-i0tf gate @O&I14:

else gate WUElS;

OW6141
prlntft"IitOI 914we);

Mfalrimep .. 2.68000000001-0tU onte TijOtil

else gate SWUE 2;

pdintftSE00 #15Wi);

iftmlrtow .. 2.52000000006*01) get* IgOEII;

OWE 161

If(vlgt t- 9.7MOODOOtOO-t01) gate MME17:

else gate NwtOW;

puintft"UE 0117\n;

If(rgthuma t.ssDoooaoooE-0tl Vote thOnitS;

"mEimemoe W:

prlntf("MtE 1118\n'i;

11 reitht A- 5.flOOOOOOOOEF*tl) gato 180116;
mice goat "W119;
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cCC V A L-t-.O A-
CCV.C 3 OF 5

"v "t . 8.350000000(16+01) gaob 5(3620;
els get TICUf 19;

10120t

lf(egt *- 8.l0000000O0(0l1) go* 10 1117,l

prlnlf m 9 00#21%n");

IE(wpt t. 8.02000000006.0l) gate W1622;
olii gets NWEi?;

101221
prlntf(qwito 022\n');-
MIfelatr 4s 8.7100000000602) gate O0(23;
etslsVegte W10)[26;

prlntfc"11s61 9"3\w);
IfON~hWA to 1.7$00000000 +01) Vote 1506E21;1
Oise gate 110124:

UM6242
printfehdtE 624krr");
I feeget qs 4 .OSOOo0oooe.Oi) glat 110622;
else gets 401251

1110925:

Prlntf(40DI6025\r.0;
I lfvegt 4s 7.95000OW00C1' 01) galao 110023;
elms@ gelo 71=1024;

10126:
prlntf("101 026\vPl;
11(yesget -- ?,6300000OW00060l gtae tws 11(1
alase goet TLtDEfl;

0106)27t

prlntfIElo Izlre)1
Mfairtasy t- 3.45000000000.0I) Ioail N(625;

Its@ veto@11101321

NMa28:

PrlntfC
M
IWE P0\rv*.

lIase~t to S,7S000000100iOl gets 10629;
eilse gate 10131;

10D129:

lf~trlhW ". 4.2500000 E00.O) guts 010
elm, gate 110629;

10630:

lf(veget -s I.SSOOO0000gt-oi, got. t10t2t;

alaso gala INMEZI;

E4
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CCV.C 4 OF 5

Iftsoler -c- 1.800000000F.42) ioat INMmIO;
ems* gate TNODE311

TNME3:

TNMDE6:

tumtsi
TNM291

INODE291
TMM[3O:
TMM132:

Iota END;

TM~211
tk=12U:
INME261

vote [No;

7"113022

7NME026:
IMMUS?:

gTe E1131

retumflt);

Int igin(MA, (let)
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~f~tr~m~CCV.C 5 OF 5

char liet~l

char n(20);
char ~tM)2:
Ito@(roA,n,1QO;
strcpy~s,*.");
streatCo,nfl

If 0etriw.(stratr(List,a)2 0)
retunm(i);

E6 Appendix E Listing of P'C-Based Program



CsTA LLb 4
Nindcie s qtdlo.he CST.c CIOF a
Dlncludo 'fcntl.h'

*lncluda Oreadl mac"

Wmlr(arge'arey)
lot argc;

char aorgy(];

lot cý
char vernmCZi[20, tiloacOOl;

float reibusu
float airteap
float vagat
float wIddlr
float ar60
float ariC
float attic
float soglar
float raws
float alradmp
float gree,

ptlntf('tntar value for relfeum %n*l;
ocanft~f",Lr~lhw, I
prlntff-tntar value fo)r alrtaao \l
acanfC-1f".LalrtgaaV I
prlrrtf(-qnter value for noaet \")
SCA~f(-f",&vagn I
privfl*E-,ar value for winddir %n*l;

prirrf~atnter value far cr60 i,
scarf lzf.,&99r60 3
prlntftwfntar value for trio \M)

prlntfC mtntr value for cr120 ý.)

prlntf("#nter value fur actor

prlntftdtnrvr value for range W)

scan-f ("f "range

rlvtfc"trrter value for alrdoo Wn);

prlnrfl"Orue value for green nt,

Iflvagt .. 9.3I000000 C00Et) got. W§12;
tifa gole aCIt3?;

plrtrtl("aE *~ll

M6,a60 o. 5.47r000O000.02) aolo awbE3;
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else goto ROWEa; 
CST.C 2 OF 8

prlntfl'NOE 03\n");
If~wirmdlr 4w 2.61000000006+0?) WOb NW";

else golo WEO~2Q;

peintf(-N0DE SA);

If~rellas 4- 9glSOODtlOOONO¶1) gal NEo

at&e gols 5ODE24;

IjlsleadW C& l.7*flOOOO0tJOE4OO) iots NWL16;

else Ioat MODElS;

Flantf (91S 860);;
iV(elralir 4- 1.25000000001+02) ieta NODE?;

else got. NODeI3;

prtlnfC910t Uvnfl

If(eeler - 54BEMOOOOOOO'22 gota WHOt;

prlnll(
tM
SODE 08\n);

Ilftlwral! 4 e. 500000000E10fl goet eWis;

else Iots NEstl;

prl.MntfODt fl\qMC).

MODElM

itlrelhwt -' 6.,SOOOOOOO-li) gata twIltl;

also ptot 1115E6;

seth:
prtntf("wMtD 9hl~n');

.frti . 3.9$OOOOOOGOk4Oll go."=

else iolO NlOElZ:

"WOEl?2:
g.-lntfl'sSE WW?\');

lflww"et .. S.OGOOOOOOOO(401) sets IN~t4;

else solo INODES;

"WE 13:
prlntfl"WOOE*1\l

lflselsr -. 3.7600010000a01Ol sets NODEUI;

else get* IsODElO;

w5f1':

pfifltf(NWE #I4\n");
Iflelrteo 4- S.tOCOOOOE0'00) solo nTME6;
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else solo TftWE9; CST. C 3 OF 8

MODE15:
prlalfC'PlWE Ul5\,-):

Ff1,1I20 4- .BIJOOOOOOE.Q0) Sato OWOIO:
else gala SWEIS;

NMI 16:
priatfeSNWE 016\m-);

Ifrseng - 5.S5000000000.02} tote SWEll;

MMElC'S 1 llhal

llairtmW cm 6.l500000000000) gata TWIDEII;
elm. Iota TMWEIZ;

OWE I:I
p1ntfl(CCW 018\na);J -

lf(relKAa -* 5.SOOO0000001.Ol) ptot IdEcl;

5WE19: E#1\n).

lItwiriddIr a. 2.l3000000000.021 Soto WWEZO,

prIalflNMWE ROW)a~;
MOWsr 4- 4.1`100000000Ea02) gala ThJtEl5:

alue gata WEtal;

MOUE2I:

prlatfl"5WE 021\n-);
lfWInds -' 5.1000000000E-00) tota NWE2Z;
else gala TimWEIB;

nlintfC5WME #22\&1;
lf~rathts -S 6.ISOOOOOOOE.01) Soto 16Wt16;

pnlnlf(*NWE I23\r");
1f(PsitN t-t 5.150000000M+401) gala TOWMFl;
elset Iota TOWEZ2l;

prlaf(W1M 124\n-);
lftslrdapd - 2.2500000UAE00l.0 gala NMEZ5;

els@ etpo gWMEZ6;

"ME 25:

printfluOWE Ml\n-);
Iflular -. 3.lSOOQOOODEaO0l Sota VW126;
else 9gsa 50028;

lfrtrela .- 9.4SOOOOOOOW6421) solo IMMEZI;
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C5 TAý.LO4-
else get. swE2?; CST.C 4 OF 6

prlntl(NWJF N2?\--);
lf(.ielh~ - 9.7$OOOOOOOk.l)O~ gate T5X)E22;

else set. 1sODE23;

PWE2A:
Prlntll"Wwt 0128Wn);
lf(wslidlr -. 4.5000000000i*O1) tate ?SMt24;
else "ets INODi5;

rnIV2tftm 2~t

lf~cilir q- 3.2000000000E.G2) Wet 500130;
else "to SDEiM;

misc:
PelIMM"I 9310 0 Cy);
liters 4- I.0OOQOQQQ0Q.Q) gets sWE3l;
else gets MOD12;

mI1ist
prlntft*ai Clvi");
lIowrage "e 3.OSOOOoO)ovoatget fwei?;

5001321
prletlt-1UMI 032W);
lf~rsngs 4. 2.9500000000E.0Zl pota iWQm29;

printltOliE CSft");
lftglrtoom c- i."4000000001.01) gets 500134.;
else goet 500i.50:

prlntf("500E 534\a-l;
iflsellO -c I .97MOOOOOOJta) gets NWE35;

else gtet MOEMol;

prlnlf(MU1 935Wn);
MIfsldar 4. 2.l0000000s.-02; gets t*W(t30;

else sal. SWisS;

"MEWis
prlntft"S1W 555\nM);
lf(relhsam .. 9.Th000000M00Ol) s~ot isucS?;
else veto rsWE35;

printiril 6371\n');
lflsrhC t- 7.000MOOO1i00) sate ¶500151;
else lot* SWXS;

printf"WWE vm5S)r
lflsrS am I .5OiOOOOCOCi.0) gets 1Sw152;
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C S T A~i-fL,)4

flat got. N0009. CST. C 5Or 8

prlntft-deE 939\n-);
lfretlitm -. 4.3500000000E.01) got. lsCCE3l;
else jota macit:4

MWE4O±
printft-MCE $40\n*);
tifvtegt 4- 8.91900000010401) Soto INwt3l;

pclntf("W0t 041\n-);
tf(stvidpd 4- 2.tOOOOOOOOt-tlC) got. swtt42;

else Set* 60n43;

VWai2:
prtntf("5UE $42\W);
lftmlrtwp to 3.OOOOOOOOO0t*O Soto Tilatit:

else joto TN0640:

prIMtlM-MM MK3\n-l;

M202riZ 4- 4.00000000O0E+00) gaet tsWt4l:

prlntft-MoD W4A\n-l;
if(relhts 4- 3.8300000000t.Oll golt' teato?2;
else jots M014$:

M054$:

PrlntftOflE A$\");
lf(rethts 4- 6.300O000000L01*O) goto ltlWE43;

else jots 400[46;

printf(-W0t 046W-);
lf(slrespd 4- t.looOtOOOO0s.OGt goio T5C3ts&;

els, jots MMnt?;

prlntt(
0

S01 4?Wot,
t~vebet t- 5.940OOOOOOOEfoib .ut I#0tW;

else jots TNWEtt;

WaitS8:
printftlMt 0S48W);

ltlsrSif .- 2.9000000000E-003 got. saoDE4;
els, jots WMtfl;

sOrt4;:
prlntft'5W 449Wo);

lftngot -. 6.2Th000000f01)0 goto N0i000;

else jots TNEtatil

lltsrteM -. 2.8btOQOOOOOttl) Veto WOWS;
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*to* gate WME52;
CST.c 6 OF 8

NME51:

lf(sr60 - 7.6500000000E*OZ) Poro 1INOJE4;
else vote 1ivDEi.6;

Mifartsov ý. 3.0900OOOC-O01O) got. YkODE49
tals #eto 1iIOf0O;

Matrg -~ 7.4300000000E+02) lot* NW154;
else gate TODE56;

gbtES4:

Mgriln . a.52.6SOGOODOQO-to) vote ThWE0j;
eta* wto "09t55;

khIC55!

If(wincidi .. 2000tOOOQQ ItoO2) gate NW95g;
e~lsei got* YNIiDf64;

WODE56:

Mrantlri -m 2.000000000E03.O) gate TNOE53;

also Soto TWODES4,

Iltirlov .. 9.q100000000g2) Veot NODE582

else #toTNDE4

Minddi~r -. 13.Pd.OOOOOOOE*2) gate WME59,
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*I5@ Soto YhODE62: ,AL~

CST.C 7 OF 8J

P'IOMEd6 t63: 1

If(sota, -' 1.7700080008~t-02) 9.t. TWO)E60;

ThME21 I

fhoor.25i
1MNSE28

TUNE 38:
INME41:

rOW164t
prfntfCN~n\nN);
PintfOCkess Oi\n.);

"pto END,

TMME3:

TMM8 to:

YMME19:

YMME26:

IIKWE42:
INME44:

TWODE48:

TNOCE60:

Printf#MrI.sa9\n)
wiOti' ie 82W);

low ti:

tNOtE9:

INME54:

1NUE43;
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T*ODE(7:

1TKOE49:

1TW)E51:

TVW~E54:

TWODE55:

TMME&3:

prinltf("Ciass 93\n*);
goto ENID;

ThWcCE5:

TMtOEI6:

tNODE30:

TMMcE32:
IMME33:

ThIwE39:

TWMESDO:

TNODcE52:

TWcVE53:.

prinrtf ("V\n~rl;

F4'iftf(-CLass #4\n-);

goto ENED;

ceturn(O);

imt Isnragoli s

chaer tistlU;

char n[201;

char s[201;

itoe(ruo,n.1O);

atrcat(s~n);

strcatcs,'.";

if (strieni(strstrCtist,s)) ,0)

return(I);

cise~

return(D):
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CxCI ALU
*irclude yatdlo.h' CC~ C I OF I
#include ofeoti At

*mtrcldl -readtl br"

nIn(argc,argv)
lot $rre:

char ArQcvI.,

lot c;

char varnmsm203* (InoildOl:
float ralhtn
float neat
float cr60
fisat color
fisat rmac
fisat cr120
fisat wiirilr
fisat cr30
fisat cirtaw
fisat alrads~
fisat groa

prlntft"Enler value for raihum tl
acanfrtf-,Lralbna I
printfl(Nnter value for voest n)
sc~adf(

0
1fS.&Yqtt I

prlntffw~trer value for grS V")
*scafC (flf,&ortO
PrinlotfEfobr value for Solar \h");
scamf, "tf",&oolar

pelotffI~totr value for range W)
scol f(lf",&ra'a. I
prlntfiFtoter value for r1020 \tt*l;
sccnftotf-,&crlaO 1
prlntflcctoter value for wirddlr \no");

sconf(*tf,&alrddlr I
printft"Emotr value for orlO \no");
avan(.ff"I&crSO
printfO(Inter value for alrtew 'to");

pr~mtfl8Etotr value for alntds \to.);
sccnfl-tf",Lalrdspd I

prlntf("Eoter value for crew, 'rTo);
acantf

M
Itf".Ierne

prIntl I"'t\o\'\n 'tomm~ \n\n\o'tn'to~t~\n\o\o\n~o\n");

ptritfil~f-lw *11\o");

Iflrelftue 4- 6.flOOODOEOO0o1l coto k(SEZ;
aloe goto MOath;

iiar2;
prbotfleatM #2%n-);
tfler3O -- 4.&ZOOCOOOODOE02) geob WM3;
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else goto IIWE¶9; CCT.C 2 OF 7

NME3:,
priatfCWWOE 03%n*);

lf~rare 4- 3.900 .0OE02) IWOt MDE4;

else got* UODE7:

if(solar c- 3.0900000000E*02) goto 5WOE5;
else gcto TMmE4;

printf(IMOCE ~V
lt(veget c-8.15SOOOOOOEOOE0) goto NODE6;
else goto TMME3;

printf(-KWE 06\n-);
if(rehL=~ 4- 5.9500000000E+01) goto 1ilWEI;
else goto TMWE2;

printf("WOE 97\n");
ff(wiirdtpd q- 2.3500000000E+00) goto NODEB;

else goto NME14;

9WE:

if(ir~Ir <- 1.0900000000E-02) goto THDE5;
else goto NODEIO;

prntfWE D 99\-)

if(winrdir ý. 1.2I00000D00E.02) goto TWODES;

else goto NMDET0;

printfCNILMf 910\nl);
lf(windrte<= 12.9000000000.01) goto lcODEl?;
else goto TNOE13;

printfC9IWDE 911\n");

if(airtem -. 2.9800000000DE.01) goto TWE12;
else goto TW)DE1;

petntf(-CkW 012\n"):

lf~winddir -c 2.12000000E02.C) goto TWODES;

else goto TWDE11;

ff(sirtm <- 3.12000000000E*O1) goto ,TNWE10;
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@to* gate tMOD1?; c. 3OF7

p. Intfl 1D 01swr )

If,,flet -7.9300000000001)f gate NMdFtl;

else gate rTtuEl6;

pritE O 016W)

afrV . 2.2500000000E403) gote NOmEll;

wig, gate iTiliE1;

p,1tE (M IT: n*)

lf(elr~ddlr .. 1,39O0OO00O0E.02) gate TtC0E12;

esie gate emits8;

prtntfC1emE 018Wn);
Ifitelrtmeq .. 9.6000000000S.OO) gate ITil(l;

plfltt("SWE~ Il9\n'fl
MIfeilds -. 2,ISOOG0OQOCi.O) sot* NWi20;

printI (ONCm R2OWn);

Ilteegt -m 7.3lOOQCOOO~tOl:01 gato TNODilS;

Illaigt .. 6,3500OOOOOE.ie~) gate emikt2;

else gate tNIEtt;

prletf(-11tf Uf\n'9;

lflelrtnop -. 3.09OO0tOQDi'Ol) Soto SWEZJ;
elise gate ITitiE2;

prletf("M5WE Ifl\n"l;
lf(selsr em 5.S63000000O0E0O2) Stot TVemi19;

prlntf(ee05 diSM;r;

Iftaiget -m 9.1100000000itt0) gate StitS
*ise gate eMil?2;

PalettfleetE m.)
Ilcri a. 7.05SVMOOtOOEaO2) gate NODEas;

else gote tetEt5;

pclntlt"Sfli 126Wn);

Ifteater a. ?.OOOOO0OOOO-OZ) gtet Iti?)2;
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else goto TwWDEZ&; CCT. C 4 OF 7

NWME27:

pelntfC,'NWE 127\n"):
i f(uiddir -c 2.SZOOOOOOOE-OZ) gote TMWDEZ6;

else gote TWCCEfl;

MME28:
printf("iWME 028\n"):
ifcveget a- 9.3100000000f+012 *eto NC0E29;

else goto WwDE45;

MME29:
prlntfC"MME #2\n");
if~srl2O - 1.OOOOO00OOOO-t.O) gate NUME3O;
else mote NWE38:

W)E3C:

printf("WWE 930\nm);
lftwlrkdspd 4- 5.OOOOOOOOOOE.OO) mete NWt31;

else m0ot WWE3&;

* NE31:
prlntf("CWE 13l1W);
Ifcsalar a 3.5500000000E400) goto iiWE32:
else g~ot MicES3;

MwE32:
printf(tNWt fl2\n9-;

Mfairtep q- 6.7O0OOOOOE*OO) gote TNWEZB;

else gate TwwfE29;

printf("NCDE 133\n"r;
Iflveget <- 7.S600000000E.O1) mote TNWf3O;

else mote Tl4DE31;

*ME34:
prlntftNWt)D E3U\n");

lfrange <- 2.5500000000E.02) mote wmE3S;
else mote blWE36;

W)DE35:
printfC"NWtE 35\nv);
Mifwrdspd a 2.OSOOOOOOOOE*OO) mote ThIWEI2;

ttse mote TiiWE33;

NME36:
printl(9iCOt 13\nv);
Mufnwirdr 4- 5.5500000000E.O¶) mote Tt1Wt34;

else gate WWES7;

MME37:
printf(WWOE 9¶37\n");
lifveget t- 7.3100000000E.O1) mote tMWE35;

else mete TsODE36;

MWcte
p.-irtfrswtD 93Vrt);
lfcrange - 4.1000000000E+02) mote MWE39;
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swii9:
pilotV(16WIE #39Wo"
lf(sr6Q -- 1.t9000D0900E-02) gala tsctl;
else gote TtWflta

sS140:
peinof("UUDE 040\n-);
If(wint~ir -. ?.SOOOOOOOOr)f+O) Stot TOWt39;
eita Soto MWE4I;

printf(MWE 04l\n");
l'i&r60 -. 1.tOV0a00O'W.O0) Seto t5WOD40:

telse Soto NME42:

NME4~2:

priotlfiIS00I 42\n");
ifistrol. a 1.000000000*01.00 Soto W5CtiM;

MIE4s tt150f3

printf(*Wt M43n");
fiveisi .' 8.l000000000E.01i vtot NMI"14;

*10. soto t5WE42;

wlntfi'SW0D 045\n-);
Mfruegt- 11.12,SOOOWOONto0ii solo IN00E14;

Clse Stot 5001E47:

printftNisWE 045\n-);
lfit~rds - 2.55000000001-02) got. t500t46;

Me4s6ol 5016

prlntfesNQi th\nbtý;

MfwIrdair 9.0000S00O0OE.o0i tote 5005E45;

*Leoiotosm TWOhEni;

lt~ingetr -e 9.15QODt)QOO0t.I) gore 500149;
gite gote 1500E15;

500149:
pel(lnte00t 649\ni);

ifige~t -. 9J5300000DE01EQi gate t500E4?;
*ist tote MODEM;

printfesWtD 509\n");

Iftetrir -. l.S200D00001-0Z) Solo 150054t;
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